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Aritltmetic  is  the  science  of  nntobers,  and  as  numberij 
treal  of  magnitude  or  quantity,  whatever  is  capable  of  in- 
crease or  decrease  may  be  considered  as  of  magnitude  or 
quantity.  ^ 

A  Number  is  a  unit  or  collection  of  units,  as  two,  five, 
eix.. 

An  Integer  is  a  number  wbich  represents  an  unbroken 
quantity. 

An  Odd  Nnmber  is  a  nmnber  which  cannot  be  divided 
by  two. 

Ad  Bren  Number  is  a  number  wLich  can  be  exactly 
divided   by   two. 

Factors  of  a  number  are  those  numbers  which,  when 
multiplied   tofjether,  make  that  number. 

A  Prime  Number  is  a  number  exactly  divisible  by  one. 

An  Exact  Divisor  is  a  whole  number  which  will  divide 
aDotber  number  without  a  remainder. 

The  Greatest  Common  Divisor  of  two  or  more  numbers 
is  the  greatest  number  which  will  divide  each  of  the  num- 
bers exactly. 

A  Multiple  of  a  number  is  any  number  exactly  divisible 
by  that  number. 

The  Least  Common  Multiple  of  two  or  more  numbers 
is  the  smallest  number  which  is  exactly  divisible  bj'  each  of 
tbe  other  numbers. 

Addition  is  uniting  two  or  more  numbers  into  one.  Tbe 
result  of  (he  adition  is  called  tbe  Sam. 

The  si'jji  of  Addition  is  (  +  ),  thus:  90+10=100. 

Subtraction  is  taking  a  lesser  sum  from   a   prenter  one. 

The  answer  is  called  tbe  Eemainder  or  the  Difference. 

Tbe   si|rn   of  Subtraction  is   (— ),  thus  90—10=80. 
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Multiplication  is  Andiiig  the  amount  o£  one  number  in- 
creased as  many  times  as  there  are  units  in  another. 

The  answer  is  called  the  Product. 

The  sign  of  Multiplication  is   (X).  thus:  90Xlt>=flOO. 

Division  may  be  defloeU  as  the  dividing  of  n  number  of 
quantity  into  any  other  number  of  parts. 

When  one  number  has  to  be  divided  by  another  number, 
the  first  one  is  called  the  Dividend,  and  the  second  one 
the  Divisor,  and  the  result  is  tbc  Quotient 

The  sign  of  Division  is  (-^),  thus:  90^10=d). 

A  number  is  exactly  divisible  by  2  when  the  number 
ends  in  an  even  number  or  in  0,  by  3,  when  the  sura  of 
the  figures  is  exactly  divisible  by  3,  by  4,  when  the  num- 
ber formed  by  the  last  two  figures  of  the  number  is  ex- 
actly divisible  by  4,  by  5,  when  the  number  ends  in  5  or  0. 

Addition. 

Example:    Add    together    397,495    and    6,350. 
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Example:    Subtract  28,673  from  29,646. 

29646 
28673 


973— Answer. 


Example:    Subtract  6,593  from  6,630. 

6630 
6593 

37— Answer 


MidtlpUcatUm. 

Example:  Multiply  144  by  12. 

144 
12 

288 
144 


1,728— Answer. 

Example:    Multiply  3,645  by  468. 

3645 
468 
29160 
21870 
14580 
1,705,860— Answer. 

Example:    Multiply   86,540  by   1,236. 

86540 
_    1236 
519240 
259620 
173080 
86540 
106,963,440'—  Answer. 
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BiTisioiL 

Example:  Divide  12  into  1728. 

12)  1728  {144- Answer. 
12 
£2 


48 


Example:  Divide  463  into  1,705,860. 

468)  1 705860(  3,645— Answer. 
1404 
301S 
2808 


2106 

1873 
2340 
2340 
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—  The  sign  of  subtraction.  It  agnifies  minus  or  less, 
thus:  7 — 6=2. 

X  The  sign  of  multiplication.  It  denotes  that  the  quan- 
tities connected  by  the  sign  are  to  be  multiplied  together, 
thus:  7X8=36. 

-4-  This  is  the  sign  of  division.  It  signifies  divided  by, 
thus:  7^-6<=:1.4. 

( )  or  [  ]  These  signs  are  called  brackets  and  denote  that 
the  numbers  between  them  are  to  be  taken  collectively  and 
treated  as  one  quantity,  thus:  12(7-f6)=a2Xl2^44, 
12(7— 6)=12X2=24. 

—  This  sign  is  called  the  bar  or  vinculum.  It  is  some- 
times used  in  place  of  the  brackets,  thus:  12  7-|-6  =12X 
ia=144,   12  7=n  =  12X2=24. 

Quantities  in  Algebra  are  expressed  by  letters  and  are 
used  to  shorten  or  simplify  the  formula,  thus:  aX^  signi- 
fies that  a  is  to  be  multiplied  by  b. 

When  it  is  desired  to  express  division  in  a  simple  form, 
the  division  is  written  under  the  dividend,  thus:  (a-|-b)-r- 
e=»4-b. 

a'  This  denotes  that  a  is  to  be  multiplied  by  itself,  thus: 
»Xa=a',  nr  is  some  number  multiplied  by  itself,  thus 
3X3=9. 

a'  This  signifies  that  a  is  to  be  multiplied  by  itself  twice, 
thus:  aXaX*==*'>  <"■  i'  i*  some  number  multiplied  by 
itself  twice,  thus:  3X3X3=27. 

V  This  is  called  the  radical  sign  and  when  placed  before 

a  letter  or  number,  denotes  that  some  root  of  the  number  is 

to  be  extracted,  thus:  Va  means  the  square  root  of  a,  or 

V*  means  the  cube  root  of  a. 

\/a 
-r—  This  signifies  that  the  square  root  of  a  has  to  be  6ip 

traeted  and  then  divided  by  b. 
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— ^     This  denotes  that  a  is  to  be  divided  by   the  square 
root  of  b. 


V: 


~  This  signifies  that  a  is  to  be  divided  by  b  and  tbe 

square  root  of  the  result  extracted. 

:,  : :,  :  These  are  the  signs  of  proportion  or  the  rule  o£ 
three.  The  sign  :  means— is  to,  the  sign  ::  means— as, 
thus;     1:4;:4:16   or  1   is  to  4  as  4  is   to  16. 

°,  ',  "  These  signs  are  used  to  express  the  value  of  an 
angle  in  degrees,  minutes  and  seconds,  thus:  30  degrees.  20 
minutes,  10  seconds  may  be  written  30°  20'  10". 

',  "  These  two  siyns  are  also  used  to  represent  feet  and 
inches,  thus:   3  feet   6  inches  may  be  written  3'  6". 

j^  The  Greek  letter  is  used  to  denote  tlie  ratio  of  the 
circumference  of  a  circle  to  its  diameter,  which  is  3.14159, 

g  This  sigu  is  used  to  represent  the  value  of  the  gravity 
eons t ant,    which    is   32,2. 


ARITHMETIC  16 

Example:  Add  together  3.79,  J17,  87.225,  478^1 

3.79 
.U7 
87.225 
478.91 

570.042  Answer. 

SnblracUon  of  Decimala.  Place  the  numbers  nnder  one 
another,  as  in  addition,  subtract  as  in  whole  numbers,  keep- 
inie:  the  decimal  point  in  the  remainder  directly  under  those 
above  it. 

Example:    From  97.378 
take  46.4972 

50.8808  Answer. 


Mnltiplicatioii  of  Decimals.  Multiply  the  factors  to- 
gether, as  in  whole  numbers,  then  point  off  from  the 
product  as  many  decimal  places  as  there  are  in  both  fac- 
tors, suppljdng  any  deficiency  by  .annexing  ciphers  to  the 
left  hand. 

Example:  Multiply  4.735 
by    .374 

18940 
33145 
14205 
1.770890  Answer. 

Example:    Multiply  .04735 
by    .0374 
18940 
33145 
14205 


■001770890  Answer. 

Divisioii  of  Decimals.  Remove  the  decimal  point  in  the 
dividend  as  many  places  to  the  right  as  there  are  decimal 
places  in  the  divisor  and  supply  any  deficiency  by  annexing 
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ciphers.    Then  make  the  divisor  a  whole  number,  and  pro- 
ceed as  in  the  divitsion  oi'  simple  numbers,  and  the  quotient 
will   contain   as  many   deeinial  places   as   are   uised  in  the 
dividend. 
Example:  Divide  74.23973  by  6.12, 

612)7423.978(12.130  Answer. 
612 


1803 

1224 

Example: 

Divide 

.7423973  by  612 

799 

612).7423973(. 0012130  Answer, 

612 

612 

1877 

180S 

1886 

1224 

413 

799 

612 

1877 

1886 

418 
To  Reduce  any  Vulgar  Fraction  to    a   Decimal.     Annex 
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1^f<M«g  Dednuls.     When  reading  decimals,  the  idea  of 
a  denominator  should  be  omitted   and   the  decimals  lead, 
thus:  ^6  as  point— 3-6,  or  ^68  as  point— 5— 6— 8. 
Examples  of  the  use  of  decimal  fractions: 
Add  into  one  sum  the  following  numbers: 

16.625,  11.4,  20.7831,  12125,  8.04  and  7.002 

16.625 
11.4 
20.7831 
12.125 

8.04 

7.002 
75.9751    the    sum    required. 

Sabtract  119.80764  from  234.98276 

234.98276 
119.80764 
115.17512  the  remainder  required. 

Sabtract  .002  from  100 

100. 
.002 


99.998  the  remainder  required. 
Multiply  .002  by  .016 

.002 
.016 


.00032   the   product   required. 


Multiply  62.10372  by  16.732 

62.10372 
16.732 
12420744 
18631116 
43472604 
37262232 
6210372 


1039.11944304  the  product  required. 
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Always  notiee  that  the  number  of  Sgurej  in  the  product 
♦o  the  right  of  the  dec.imal  point  equal  to  the  number  of 
decimals  in  the  multiplier  and  multiplicand  ttiken  together. 

Roots  of  Numbers. 
To  Extract  the  Square  Boot  of  a  Htunber.    If  there  be 

decimals  in  the  gi%'eti  number,  make  them  to  consist  <if 
two,  four,  sis,  &e.,  places  by  annexing^  ciphers  to  the  ri-jht 
hand.  Then  separate  the  whole  into  periods  of  two  figures 
each,  beginning  at  the  right  hand,  and  the  left-hand  period 
will  consist  of  one  or  two  flgtireSj  according  as  the  number 
of  figures  in  the  whole  number  is  odd  or  even.  Find  a 
square  number  equal  to  or  the  next  less  than  the  left-hand 
period,  and  put  the  root  of  it  in  the  quotient.  Subtract  this 
square  from  the  left-hand  period,  and  to  the  remainder 
bring  down  the  next  perind  for  a  dividend,  and  to  the  left 
hand  of  it  write  double  the  quotient  for  a  divisor.  Then 
consider  what  figure  if  annexed  to  the  divisor  and  the  re- 
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To  Extract  the  Sqiun  Soot  of  »  Vulgar  Fraetton. 

Rednee  the  given  fraction  to  its  lowest  terms.  Then 
eitraet  the  square  root  of  the  numerator  for  a  new  numera- 
tor, and  the  square  root  of  the  denominator  for  a  new  de- 
nominator. If  the  fraction  will  not  extract  even,  reduce  it 
to  a  decimal  and  then  extract  the  square  root. 

To  Extract  the  Cube  Boot  of  a  Number. 

If  there  be  decimals  in  the  g^iven  number,  make  them 
to  consist  of  three,  six,  nine,  &e.,  places  by  annexing 
ciphers  to  the  right  hand,  if  necessary.  Then  separate  the 
whole  into  periods  of  three  figures  each,  beginning  at  the 
right  hand.  The  left-hand  period  may  consist  of  one,  two, 
or  three  figures.  Find  the  nearest  cube  to  the  first  period, 
sobtract  it  therefrom,  and  put  the  root  in  the  quotient. 
—  Then  three  times  the  square  of  this  root  will  be  the  trial 
divisor  for  finding  the  next  figure.  Multiply  the  root 
figure,  or  figures  already  found  by  three,  and  prefix  the 
,,  product  to  the  next  new  root-figure,  which  will  be  seen  by 
.  the  trial  di\nsor.  Then  multiply  this  number  by  the  new 
root-figure,  and  place  the  product  two  figures  to  the  right 
below  the  trial  divisor,  and  add  it  to  the  trial  divisor.  This 
sum  will  be  the  true  divisor.  Under  this  divisor  write  the 
square  of  the  last  root-figure,  which  add  to  the  two  sums 
above,  and  the  result  is  the  next  trial  divisor.  The  tnit 
divisor  being  found  as  before  directed. 
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Example:  Extract  tbe  cube  root  of  4088324799 


Truedi  isorl'       =" 

:U  ■. 

Trial  divisor  l'X3=3 
35X5=i75 

*      / 

8088 

True  divisor      V  V475X6 

5'      fe25 
Trial  diTisor             675 
459X9=  4131 

7168 1X9 

2875 

713324 

644679 

9'       =      81 

68645798 

Trial  diviaor         =75843 

4779X9=     43011 
True  divisor          =  76273 1  lX9 

6«645799 

.  ■«>M324799  I  1599  Answer. 


The  square  and  cube  roots  of  numbers  from  1  to  500  are 
given  in  the  fourth  and  fifth  colomji  of  Table  No.  1. 
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The  reeiinroeal  of  367  is  .002,724,  the  reciprocal  of  36.7 
is  .02724,  the  reciprocal  of  3.67  is  .2724,  and  the  reciprocal 
of  .367  is  2.724. 

In  a  like  manner  the  reciprocal  of  any  number  within 
the  limits  of  the  Table  may  be  found  by  simply  moving 
,the  decimal  point  as  shown. 

Table  Xo.  1  gives  the  Squares,  Cubes,  Square  and  Cube 
Roots  and  the  Reciprocals  of  numbers  from  1  to  500  re- 
^eetively. 
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' 

Table  No.  I—Squares,  Cube-s,  Squabb  Hoots,  Cube 
Roots  and  Eecipbocals  op  Ni'mbers  from  1  to  500. 

Mo. 

Square 

Cube 

Square  Root 

Cube  Boot 

RedpiocBl 

1 

2 
8 

4 

B 

S 

7 

8 

9 

10 

11 

13 

13 

14 

15 

1 

4 

9 

16 

25 

80 

49 

64 

81 

UK) 

131 

144 

Itill 

liW 

225 

1 

e 

37 

64 

125 

216 

848 

513 

730 

1000 

1331 

1728 

3107 

2744 

337.') 

1.00000 
1.41421 

1.7330.-) 
2.00000 
2.23e0fl 
3.44948 
3.64575 
2.82842 
8.00000 
8.16237 
3.81662 
3.4tf410 
3.60.5.5,5 
3.7416.5 
3.87208 

1.00000 
1,25»93 
1.44334 
1,58740 
1.70W7 
1.81713 
1.S1398 
2.0(XWW 
2.08(«)8 
2.1.5443 
3.22;i98 
3.28B43 
3.*5133 
3.41014 
2.4(R121 

l.OOOOO 
..5W100 
.83333 
.35000 
.2ffl)(X> 
.16606 
.1438.5 
.12.500 

.mil 

.10000 
.OlXrtM) 
.(>«:«« 
.07602 
.07143 
.06666 
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No. 

8<iiimre 

Cube 

SqnareBoot 

Cube  Root 

Reciprocal 

80 

1621 

69319 

6.24499 

3.39121 

.02564 

40 

1600 

64000 

6.32455 

8.41995 

.02500 

41 

1681 

68921 

6.40812 

8.44821 

.02489 

4& 

1764 

74088 

6.48074 

8.47602 

.02880 

48 

1849 

79507 

6.55748 

3.50889 

.02825 

44 

1986 

85184 

6.63324 

8.58084 

.02272 

45 

2025 

91125 

6.70820 

8.55689 

.02222 

46 

2116 

97886 

6.78233 

3.58804 

.02178 

47 

2209 

103823 

6.85565 

8.60882 

.02127 

48 

2904 

110592 

6.92820 

8.68424 

.02088 

49 

2401 

117649 

7.00000 

8.65980 

.02040 

50 

2500 

125000 

7.07106 

8.68408 

.02000 

51 

2601 

182651 

7.14142 

8.70842 

.01960 

62 

2704 

140608 

7.21110 

3.73251 

.01923 

53 

2809 

148877 

7.28010 

3.75628 

.01886 

54 

2916 

157464 

7.84846 

8.77976 

.01851 

65 

8025 

166375 

7.41619 

3.80295 

.01818 

- 

56 

3186 

175616 

7.48331 

3.82.W6 

.01785 

57 

8249 

185193 

7.54983 

3.S4850 

.01754 

68 

8884 

196112 

7.61577 

8.87087 

.01724 

59 

8481 

205879 

7.68114 

8.89399 

.01694 

60 

8600 

216000 

7.74596 

8.91486 

.01666 

61 

8721 

226981 

7.81024 

3.93849 

.01639 

63 

8844 

238328 

7.87400 

3.95789 

.01612 

63 

8969 

250047 

7.93725 

3.9790.') 

.01587 

64 

4096 

262144 

8.00000 

4.00000 

.01562 

65 

4225 

274625 

8.06225 

4.03072 

.01.538 

66 

4866 

287496 

8.12408 

4.04124 

.01515 

67 

4489 

800768 

8.185&5 

4.06154 

.01492 

68 

4624 

814482 

8.24621 

4.081(15 

.01470 

69 

4761 

828500 

8.80662 

4.10156 

.01449 

70 

4900 

848000 

8.86660 

4.12128 

.01428 

71 

6041 

857911 

8.42614 

4.14081 

.01408 

72 

.5184 

878248 

8.4H528 

4.16016 

.01388 

78 

5829 

389017 

8.54400 

4.17933 

.01309 

74 

5476 

405224 

8.60232 

4.19H33 

.01&11 

75 

6625 

421875 

8.66035 

4.21716 

.01388 

76 

6776 

488976 

8.71779 

4.33582 

.01815 

77 

6929 

456533 

8.7749(i 

4.25433 

.01298 

78 

6084 

474352 

8.83176 

4.373<)5 

.01282 

79 

6241 

493039 

8.88819 

4.290H4 

.01365 

80 

6400 

512000 

8.94427 

4.30886 

.01250 

J 

{ 

24 

MACHINE  SHOP  PRACTICE 

No. 

Squnn.- 

Cube 

Square  Boot 

Cube  Root 

Kfclproc«l 

91 

65m 

581441 

S».(H»00 

4.S3S74 

.01284 

82 

6734 

5r)136« 

9.0.55a« 

4.84448 

.0121 » 

m 

WW9 

5717>S7 

9.11048 

4.3«307 

.01204 

M 

:os« 

593704 

0.18515 

4.37951 

.01190 

b5 

Tai") 

ouias 

9.219,>4 

4.89682 

.01176 

m 

7^96 

(l3(i*5B 

9.273H1 

4.414IX> 

.01162 

M7 

TriijB 

msr^s 

9.3-2737 

4.48104 

.01 149 

»H 

77+4 

681473 

9.38088 

4.44796 

.01 136 

SO 

7»21 

7049fi9 

9.43398 

4.40474 

.01133 

W 

8100 

7390(H) 

D.48fiH3 

4.48140 

.01111 

»L 

H2SI 

758571 

9.r,398t» 

4,40794 

.01098 

«2 

84«4 

778688 

9.59160 

4.5l4a'i 

.01086 

Sii 

Stt49 

804857 

9.64865 

4,5300.1 

.01075 

V)4 

B88fl 

830584 

9.695S5 

4.54683 

.01068 

».i 

Mifl 

857873 

9.74879 

4.50290 

.01*53 

UG 

ilSKl 

884736 

9.79795 

4.57885 

.01041 

HT 

MW 

S13«73 

^l.H488.'i 

4.59470 

,01030 

98 

{)IMI4 

1141193           9.89W9 

4.61048 

.01020 

VW 

i»8(H 

07029fl           9.SM9K7 

4.02606 

,01010 

KM) 
1111 

URKH) 
m-Mi 

KKHMKW          10.0(XHK) 
Kutfiftni         lit  ru<MT 

4.0415a 

.01(«K) 

■ 

ARITHMETIC 
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.  I  8<iaaTe 

Cnbe 

Square  Root 

Cube  Boot 

Reciprocal 

8 

16129 

1860867 

11.09058 

4.97818 

.00818 

4 

15876 

1906624 

11.18552 

4.98668 

.00806 

S 

1S635 

1958126 

11.18088 

5.00000 

.00800 

« 

16876 

2000376 

11.22497 

5.01839 

.00793 

!7 

16129 

2048888 

11.26942 

5.02652 

.00787 

» 

16884 

2097152 

11.81370 

5.03968 

.00781 

» 

16641 

2146689 

11.35781 

5.05277 

.00775 

» 

16900 

2197000 

11.40175 

5.06579 

.00769 

n 

17161 

2248001 

11.44552 

5.07875 

.00768 

iS 

17424 

2299968 

11.48912 

5.09164 

.00757 

» 

17689 

2352687 

11.58256 

5.10446 

.00751 

M 

17956 

2406104 

11.57583 

5.11732 

.00746 

» 

18226 

2460375 

11.61895 

5.13993 

.00740 

w 

18496 

2515456 

11.66190 

5.14356 

.00786 

87 

18769 

2571858 

11.70469 

5.15518 

.00729 

» 

19044 

2628072 

11.74734 

5.16764 

.00724 

i9 

19321 

26*5619 

11.78982 

5.18010 

.00719 

10 

19600 

2744000 

11.83215 

5.19249 

.00714 

tl 

19881 

2803221 

11.87434 

5.20482 

.00709 

42 

20164 

2863288 

11.91637 

5.31710 

.00704 

(3 

20449 

2924207 

11.95826 

5.22932 

.00699 

(4 

20736 

2985984 

12.00000 

5.24148 

.00694 

t.5 

21026 

3048625 

12.04159 

5.35858 

.00689 

16 

21816 

3112136 

12.08304 

5.26i-i68 

.00684 

47 

21609 

3176523 

12.124*1 

5.27763 

.00680 

m 

21904 

8241792 

12.16552 

5.28957 

.00675 

(9 

22201 

3307949 

13.20655 

5.80145 

.00671 

JO 

22500 

3375000 

12.24744 

5.31829 

.00666 

>1 

22801 

3442951 

12.28820 

5.32507 

.00662 

52 

23104 

&511808 

12.32882 

5.33680 

.00657 

» 

23409 

a581577 

12.86931 

5.34848 

.00658 

>4 

23716 

3652264 

12.40967 

5.36010 

.00649 

>r> 

24025 

8723875 

12.44989 

5.37168 

.00645 

>6 

24836 

3796416 

12.48999 

5.38321 

.00641 

ii 

24649 

3869893 

13.52996 

5.39469 

.00686 

>H 

24964 

3944313 

12.56980 

5.40612 

.00683 

>9 

25281 

4019079 

12.60952 

5.41750 

.00638 

10 

25600 

4096000 

13.64911 

5.42883 

.00635 

;i 

25921 

4173281 

12.68857 

5.44012 

.00621 

;2 

26244 

4251528 

13.72793 

5.45136 

.00617 

3 

26569 

4330747 

12.76714 

5.46355 

.00613 

4 

26896 

4410944 

12.80624 

5.47370 

.00609 

26 


MACHINE  SHOP  PRACTICE 


No. 

SquBre 

Cube 

Square  Root 

OiibeKoot 

neclproeal 

iflrt 

27336 

440ai3S 

1£.845^ 

5.48480 

.00606 

IfW 

27SM 

4'i743fl6 

13.88409 

5.49.W6 

.00603 

1(17 

37SH9 

40.''>:4(i8 

12.92284 

5.50»MS7 

.00598 

lOM 

3«224 

4741fi33 

13.96148 

rtMlHi 

.0(>.'i95 

urn 

3fH.Wi 

483(:w(>fi 

18.WHXX) 

.^.52877 

.00591 

17(1 

•2n\mi 

4«1;^(KH) 

ia.03H40 

5.5896!-. 

.«!588 

171 

'Afi4\ 

r)(KXI311 

13.07fi0» 

5.55049 

.0<*.W4 

173 

21MH4 

;-,(l8>iJ4M 

13.1 14W7 

5.56139 

.00581 

17JI 

2WI2(I 

5177717 

ia.ir.394 

5.57205 

.00578 

174 

W37« 

ria(lKll24 

13.19I1W 

r>.r.8377 

.0a574 

17rj 

mi'Mi 

5B;)it:i7r> 

13.23873 

5.59844 

.00571 

17« 

IXniTH 

54.1177(4 

13.3<5ft49 

5.60407 

.Otk5(W 

177 

KDSLI) 

r.ri4.'»23a 

13.:i0418 

5.  SHOT 

,0ftW4 

17t* 

HHWl 

r.u3it7ri3 

13.:M1(S6 

5.«3.'532 

.00661 

17» 

B2<)4) 

57;i%3»« 

13.37W)8 

5.0ai74 

.OO.'MS 

I  HO 

1124tM) 

.■VMHSIXKI 

13.41040 

5.(Mti31 

.00555 

IHl 

aaToi 

5«3«741 

13.4*>862 

5.0.%«W 

.OO&W 

1M2 

mil  34 

C02Hr>tJH 

18.49078 

5.66705 

.(H)549 

IHH 

H»4«» 

«I3H.1«7 

18..'>2774 

5.07741 

.OO.'U** 

\H4 

mm 

«239.-KM 

18.r*(i4(i6 

5.B8778 

.00.548 

ABITHMETIC 
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Mo.  I 

Bqaare 

Oabe 

SqamRBoot 

CtabeBoot 

Reciprocal 

J\ 

«»M 

8809748 

14.887« 

5.91548 

.00188 

v»\ 

4S264 

8998912 

14.^320 

5.93499 

.00480 

90» 

48681 

9129828 

14.45688 

5.93447 

.00478 

no 

44100 

9261000 

14.49187 

5.94893 

.00476 

an 

44521 

9803931 

14.53583 

5.9.5834 

.00473 

218 

44044 

9528128 

14.56031 

5.96273 

.00471 

818 

45800 

9663397 

14.59451 

5.97309 

.00469 

8U 

45706 

98008*4 

14.63873 

5.98143 

.00467 

815 

46225 

9938375 

14.66387 

5.99073 

.00465 

81« 

46656 

10077696 

14.69693 

6.00000 

.00463 

817 

47080 

10218818 

14.73091 

6.00924 

.00460 

818 

47524 

10360232 

14.76482 

6.01846 

.004.58 

81» 

47961 

10508459 

14.79864 

6.02765 

.00456 

880 

48400 

10648000 

14.83239 

6.03681 

.00454 

881 

48841 

10793861 

14.86606 

6.04394 

.00452 

228 

49284 

10941048 

14.89966 

6.a>504 

.00450 

228 

40729 

11080567 

14.93318 

6.06412 

.00448 

284 

50176 

11289424 

14.96663 

6.07317 

.00446 

225 

50625 

11390625 

15.00000 

6.0S230 

.00444 

226 

510T6 

11548176 

15.03329 

6.09119 

.00443 

227 

51520 

11607063 

15.06651 

6.10017 

.00440 

228 

61984 

11852352 

15.09966 

6.10911 

.00438 

220 

62441 

12008989 

15.13274 

6.11f<03 

.00436 

230 

52900 

12167000 

15.16575 

6.12692 

.0<M34 

281 

58361 

12326391 

15.19868 

6.13579 

.00432 

282 

68824 

13487168 

15.23154 

6.14463 

.00431 

238 

54289 

12649337 

15.26433 

6.1.'>344 

.00429 

284 

54756 

12812904 

15.29703 

6.16224 

.00427 

285 

55225 

12977875 

15.32970 

6.17100 

.00425 

288 

65606 

13144256 

15.36229 

6.17974 

.00423 

237 

66169 

13313a-.3 

15.39480 

6.18846 

.00421 

288 

56644 

18481272 

15.42724 

6.19715 

.00420 

239 

57121 

18651919 

15.4.5963 

6.3a">82 

.00418 

240 

67600 

13824000 

15.49193 

6.21446 

.0(M16 

241 

58081 

18997321 

15.53417 

6.22308 

.00414 

242 

58504 

14172488 

15.53684 

6.23167 

.00418 

248 

59049 

14848907 

15.58845 

6.24025 

.00411 

244 

59586 

14526784 

15.62049 

6.24870 

.00409 

245 

60025 

14706125 

15.65347 

6.2-5782 

.00408 

246 

60516 

14886936 

15.88438 

6.36582 

.00406 

247 

61009 

15069223 

15.71623 

6.27480 

.00404 

248 

61604 

15252992 

15.74801 

6.28276 

.00408 

MACHINE  SHOP  PRACTICE 


No. 

Square 

Cube 

Square  Root 

CMbe  Root 

Keclprocal 

U9 

6S001 

15438349 

iri.  77978 

6.39119 

.00401 

!i50 

83500 

15835000 

15.8I1;M 

6.39960 

.00400 

asi 

BiMHH 

15813251 

15.84397 

0.30799 

.00398 

3»3 

6»SD4 

mxiaoos 

15.87450 

0.81635 

.00396 

268 

Mwr9 

115194377 

15.90.'>97 

6.82470 

.00395 

354 

04i>lO 

10387064 

iri.ti:-J787 

8.33;i03 

.00398 

255 

B.')()3."> 

18581375 

15.90871 

6.34133 

,00393 

25« 

(J.w!K5 

1B777216 

lO.OOfHX) 

6.349ti0 

,00390 

357 

86049 

16e74r)93 

10.03131 

S.3.)786 

,00»8» 

258 

mr,m 

17173512 

10.08337 

0.30(509 

.00387 

259 

67081 

17878979 

10.09347 

0.374;il 

,00386 

960 

67600 

1757C0OO 

10.13451 

O.aHS-W 

.00384 

201 

68121 

17779.181 

10.1.'">54B 

6,390<)7 

.00:i83 

arts 

63(M4 

17B8473H 

lO.lHfUI 

fi.3ft"I83 

.Ofl:«l 

968 

6B)lll} 

18191447 

10.31737 

6.40095 

.00380 

264 

69(il)f( 

18391(744 

10.34807 

6.41500 

.00378 

265 

im-iTi 

181109835 

10.27883 

6.43315 

.00377 

966 

TOTM 

18831  mm 

16.a09.'')0 

6,43123 

,00375 

967 

71289 

190;«1B3 

10.34013 

fl.43927 

.0O;i74 

2tt8 

71834 

19348832 

10.37070 

0.44730 

.00378 

■ 

■ 

r-m 

1 

■ 

■■ 

■pfl 

H^^                      ARITHMETIC 

4 

Mo. 

Sqniire 

Culie 

SaUHre  Root 

Cube  Root 

6.03670 

Eecjprocal 

Ml 

64681 

S4642171 

17.aw73 

.00343 

Hi  an 

86884 

24S970N.M 

17,08.^00 

*i.(i;i428 

.0*i;443 

80849 

aiir.y7.")7 

17.11724 

0.0418,-1 

,(W341 

86488 

•254121H4 

17.U(M2 

0.049*J 

,fH);i40 

87035 

3.'VllT2a7."i 

17.l7.-i.Vl 

O.HTteDS 

.IKJ33S 

^HSW 

8761fi 

ZWMXm 

17.2«40.'> 

0.0O444 

.m:iH7 

807 

88309 

ai>i»H(»7a 

!  7.2;MtW 

15.07104 

.(UKiUO 

9I» 

88804 

3H4(»-i'.l-2 

)  7.3tl3ri7 

6,07042 

.(11(33.-. 

ae» 

89401 

3H7;l(».'<;ni 

17.21)101 

S,O.S(iHS 

.((1)334 

800 

90000 

•i'tNMKMMl 

17.32(rin 

0.09432 

.00333 

801 

90801 

27270001 

1 7,:t4aa> 

0.7017rt 

.00333 

SOS 

91304 

27.>430(W 

17,37yl4 

0.7(1017 

,*  10331 

Hoa 

91809 

278IKi2? 

I7.4(«M> 

0.7HV-i7 

,*)()330 

mi 

)K2418 

280<J44fi4 

1 7.4:ri.)9 

6,723S).-) 

.00328 

803 

9802.1 

2.'<a72li2.1 

17.40434 

0.73131 

.(M)327 

806 

9!!«3« 

2«(>,*i2(il(j 

17.iy2«.j 

6,7;woo 

.(HJ320 

807 

9434S 

2>!*«+t;J 

I7.."i2!4i 

6. 74.509 

.00325 

30S 

»ltj04 

2921-S112 

i;..j4m>2 

8.7.'i33l 

,()«324 

809 

mm  I 

aitrxWti-,",) 

i7.r(78;io 

6.7fK)tll 

.()(»323 

■Isio 

90  UW 

2V)7VHIlt«) 

17.00081 

6.715780 

.*)()322 

■1811 

9S721 

!W()H(J2;S1 

17,o;kio 

6.77,-(10 

,*H);J2I 

HI  >13 

97844 

80371 32« 

17.Wi3.-)3 

C.  78242 

,*.MI32(J 

■1  818 

97969 

30«»M3SI7 

n.iiitiwo 

6.78W0 

,0(1311) 

■1  814 

98596 

3mKiitl44 

17.72LHM 

6.79088 

.00318 

■1815 

9932S 

ai2.>.']H7r> 

17.74823 

6,80400 

.tH)317 

■  818 

99650 

8l.>r.4t9(i 

17.77li3S 

0,8113.8 

.tX)310 

■1  817 

1004B9 

3ix.Vi(ti;{ 

17.N(»449 

0.81a4(! 

.003 1.-) 

■1  SIS 

I0tl£4 

;t2i.7:4;i3 

17,S32.w 

0,83.163 

,00314 

■1  818 

1017*11 

82401 7.-.9 

17.800.V7 

6.88277 

.00313 

■1  330 

103400 

3370H(iOO 

17,&ys54 

a.M:M90 

,00313 

■1  8^1 

108041 

3207riHll 

17,01047 

8,84703 

,00311 

^Um 

103684 

333tM524>! 

ir.044!ri 

0.8.M12 

,0031*) 

104329 

330982«7 

17.072.'*) 

6.80131 

.(H)3()fl 

104976 

84013224 

18,00000 

(1,80828 

.(K)3()8 

lO.'HJa'i 

84^2812,5 

18.02775 

0.87534 

,fK,)3()7 

HaM 

10027(1 

34*14376 

18.(ri.'i47 

U.H833H 

.(MKlOd 

887 

IIMU)-^ 

;M90.")7HH 

1M,()S1314 

0.88fl41 

.()(>3(),") 

888 

107584 

3.')2«7-w3 

18,11077 

6.80*143 

.0(«()4 

^v 

838 

108241 

3501 12W9 

18.13835 

0,90343 

.00303 

880 

108900 

a'">937*)(H> 

18.16590 

6.91043 

,00303 

881 

109r>01 

SimWtiSH 

18,19840 

6.91739 

,*)()3()3 

■ 

1 

8»3 

110224 

865fl4afi» 

18,2208(5 

6,«24;« 

,0(.)3()1 

i 

^^^^H 

■ 

^^^^^^^ 

■ 

1^1 

^^H 

30 

MACHINE  SHOP  PRACTICE 

No. 
883 

Sqoue 

Cube 

Square  Root 

OiibeRoot 

Heciproc»l 

110889 

86926037 

18.24828 

6.98180 

.00300 

384 

111558 

37259704 

18.37586 

6.9383;i 

.0031)0 

88.') 

usaa.'i 

37.''l95i^7.5 

1H.3OS00 

6.94.114 

■0<)3l)f^ 

sao 

112896 

37933056 

18.38080 

0.95aft5 

.O029T 

337 

1135m 

3837275H 

18.85755 

0.r>894 

.O0-2!«l 

833 

1US44 

88614473 

18.38477 

0.96.181 

.0(l3i).-i 

!);w 

114»31 

SftJ95821B 

18,41195 

0.07368 

.00394 

34« 

115(100 

35);i04000 

18.43908 

6.97953 

.003B4 

841 

110381 

80«r>lH31 

18.46618 

0.98636 

.00393 

343 

118904 

40(»168>f 

18.49334 

0.99319 

.001i93 

343 

117(M9 

4118.1^007 

18.53036 

7.00000 

.00291 

344 

llSSSfl 

40707.184 

18.54723 

7.00679 

.00390 

84.1 

110025 

41003635 

18.57417 

7.0iai7 

.00289' 

340 

119710 

4143173« 

18.60107 

7.03034 

.00280 

347 

130409 

41781033 

18.63798 

7.02710 

.00288 

848 

121104 

42144193 

18.65475 

7.0;i384 

.eW287 

84e 

121801 

43508549 

18.08161 

7.04058 

.00386 

8-50 

123500 

4387.'>00O 

18.70H28 

7.04729 

.00285 

851 

133201 

43243.551 

18.734B9 

7.ftl40O 

.00384 

a,>a 

133ft04 

^430143«^ 

7.0<t069 

-<}fJ284 

1 

1 
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Sqaara 

Cube 

SqnareBoot 

CabeRoot 

Bedprocal 

140826 

62784876 

19.86491 

7.21124 

.00266 

141876 

58157876 

19.89071 

7.21765 

.00265 

i^iae 

68582688 

19.41648 

7.22404 

.00265 

1^884 

54010152 

19.44222 

7.28042 

.00264 

148641 

54489989 

19.46792 

7.28679 

.00368 

144400 

64872000 

19.49858 

7.24815 

.00268 

145161 

65806841 

19.51922 

7.24950 

.00262 

14{i(tM 

56742968 

19.54482 

7.25584 

.00261 

146680 

56181887 

19.67088 

7.26216 

.00261 

147466 

66628104 

19.69591 

7.26848 

.00260 

148236 

67066625 

19.62141 

7.27478 

.00259 

148996 

67613466 

19.64688 

7.28107 

.00259 

149769 

57960608 

19.67281 

7.28786 

.00258 

160644 

58411072 

19.69771 

7.29308 

.00257 

161821 

58868869 

19.72808 

7.29989 

.00257 

162100 

59319000 

19.74841 

7.30614 

.00256 

162881 

59776471 

19.77871 

7.31288 

.00255 

158664 

60286288 

19.79898 

7.31861 

.00255 

154449 

60698457 

19.82422 

7.32482 

.00264 

155286 

61162984 

19.84948 

7.38108 

.002.53 

166025 

61629876 

19.87460 

7.33728 

.00258 

156816 

62099186 

19.89974 

7.34342 

.002.52 

157609 

62570778 

19.92485 

7.349.'>9 

.00251 

168404 

68044792 

19.94998 

7.85576 

.00251 

159201 

63521199 

19.97498 

7.36191 

.00250 

160000 

64000000 

20.00000 

7.30800 

.00250 

160801 

64481201 

20.02498 

7.37419 

.00349 

161604 

64964808 

20.04993 

7.88032 

.00248 

162409 

65450827 

20.07485 

7.38643 

.00248 

168216 

65989264 

20.09975 

7.89254 

.00247 

164025 

66480125 

20.12461 

7.898(i3 

.00246 

164886 

66923416 

20.14944 

7.40472 

.00246 

165649 

67419143 

20.17424 

7.41079 

.00245 

166464 

67917812 

20.19900 

7.41(i«5 

.00245 

167281 

68417929 

20.22374 

7.42291 

.00244 

168100 

68921000 

20.34845 

7.42895 

.00243 

168921 

69426581 

20.27313 

7.48499 

.00243 

169744 

69934528 

20  29778 

7.44101 

.00242 

170569 

70444997 

20.32240 

7.44703 

.00242 

171896 

70957944 

20.34H98 

7.4.5803 

.002-U 

172225 

71478375 

20.37154 

7.45903 

.00240 

178056 

71991296 

20.39607 

7.46002 

.00240 
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No. 

Square 

t^be 

Stiunre  Root 

Ciibe  Root 

RcciprocB 

417 

178889 

73511718 

30.43057 

7.47099 

.00339 

418 

174724 

78084fi32 

20.44JMM 

7.476Wt 

.fl(^'2;^9 

419 

176r)Gl 

78.'i()(Xt5« 

30.46948 

7.4S3tl2 

.udfflis 

■m 

176400 

74088000 

30.49890 

7.4.'<X87 

.lM»-.>38 

* 

421 

177241 

74filH4ai 

30.51838 

7.^1MS1 

.(io2;i7 

433 

1780tt4 

75151448 

30..743l!8 

7.50074 

.U*13;{H 

438 

178939 

75680907 

20.5(H)9(( 

7.50860 

.(.H)2;« 

434 

17«77ti 

7«i'.?^024 

30..79126 

7.51357 

.0(>23.1 

425 

180625 

707ft'56W 

20.61 5.']3 

7.51847 

.0023,1 

430 

181476 

7730H77H 

ao.o;w7« 

7.534S6 

.00334 

437 

18333B 

778544H3 

30,(Hi897 

7.53034 

.00234 

431^ 

im]m 

784037.'i3 

20.(t8l:<16 

7.5*112 

.(Xt333 

43fl 

184041 

785t.'t;i.'">f^9 

30.71281 

7,.'i419N 

.(»'i33 

430 

1841)00 

7UriO7OO0 

20.78044 

7.54TH4 

.(K>3;-i3 

431 

1857(11 

800(i29tH 

30.7(»r>3 

7..%3;i(iH 

,(W23S 

433 

186834 

(!(0e3ir)(J8 

20.784(10 

7.5.59.')3 

.0fr231 

4H8 

187489 

81182737 

30.8088.'5 

7.5rW35 

.00230 

434 

1888.7(1 

8174«,')04 

30.8«a6« 

7.37117 

,(W>380 

435 

189325 

83313876 

30,85685 

7.57689 

.00298 

43« 

190090 

8388l8-'>fl 

30.880(11 

7..W378 

.Wi\i<,t 
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No. 

8<iamre 

Cube 

1 
Square  Root 

CabeBoot 

Beciprocml 

450 

310681 

9670^79 

21.42438 

7.71884 

.00217 

MO 

311600 

97886000 

21.44761 

7.71914 

.00217 

4«1 

313631 

97972181 

21.47091 

7.7^03 

.00216 

4«2 

318444 

98611128 

31.49418 

7.73061 

.00216 

4«S 

314869 

99253847 

31.51743 

7.78618 

.00215 

4S4 

315296 

99897844 

21.54065 

7.74175 

.00215 

4«6 

318325 

100544825 

31.56885 

7.74731 

.00215 

486 

317166 

101194896 

31.58703 

7.7.5386 

.00214 

487 

318089 

101847568 

21.61018 

7.7.5810 

.00214 

488 

319034 

103508283 

21.63380 

7.76393 

.00213 

489 

319961 

108161709 

21.65640 

7.76946 

.00213 

470 

230900 

108828000 

21.67948 

7.7749S 

.00212 

471 

321841 

104487111 

21.70353 

7.78049 

.00212 

473 

333784 

105154048 

21.72556 

7.78599 

.00211 

478 

338739 

105823817 

21.74856 

7.7914S 

.00211 

474 

224676 

106496424 

21.77154 

7.79697 

.00210 

475 

235625 

107171875 

21.79449 

7.80245 

.00210 

476 

236576 

107850176 

21.81742 

7.80792 

.(HWIO 

477 

327529 

108581888 

21.84032 

7.81338 

.002r»9 

478 

338484 

109215852 

21.86321 

7.81884 

.(H»209 

479 

229441 

109902239 

21.88606 

7.82429 

.002(».>< 

4»0 

280400 

110592D00 

21.90890 

7.82973 

.00208 

481 

381861 

111284frll 

21.93171 

7.83.510 

.00207 

483 

382834 

111980168 

21.95449 

7.840.")9 

.<K»207 

48S 

288289 

112678587 

21.97726 

7.84601 

.(K»2(I7 

484 

284356 

113879904 

22.00000 

7.85143 

.(H)-.>(M( 

485 

385225 

114084135 

22.02271 

7.8.->6f'3 

.<K»2(>6 

488 

286196 

114791256 

22.04540 

7.86222 

.(K)205 

487 

287169 

115501808 

22.06807 

7.86761 

.Ofi205 

488 

288144 

116214272 

22.09072 

7.8729<t 

.00204 

489 

289121 

116980169 

22.11334 

7.87836 

.00204 

490 

240100 

117849000 

22.13594 

7.88;^73 

.00204 

491 

341081 

118870771 

22.15851 

7.88909 

.00203 

493 

242004 

119005488 

22.18107 

7.8«4.-)4 

.(K>203 

493 

248049 

119823157 

22.20360 

7.8«1»79 

.(H»->()2 

494 

244036 

120553784 

22.22611 

7.9«.")12 

.003(12 

495 

245025 

121287375 

22.24859 

7.91045 

.00203 

496 

246016 

122028936 

22.2710.5 

7.»1.")7H 

.00301 

497 

247009 

122768473 

22.29340 

7.92109 

.<K>3()1 

498 

248004 

123505992 

22.31.591 

7.92(i40 

.(M»2()0 

499 

249001 

124251499 

22.83830 

7.93171 

.003(10 

SOO 

250000 

125000000 

22.36067 

7.93700 

.00300 
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LogarithmB  of  Nnmbera 

Logarttlints  are  the  exponents  of  a  series  of  powers  ati4 
roots  of  numbers.  The  lojraritbm  of  a  number  is  thai  ex- 
pimetit  o{  isame  other  uimiber,  which  reuders  the  power  of 
the  other  number,  which  is  denoted  bj'  the  exponent,  equal 
tu  the  former.  In  other  words  the  logarithm  of  a  number 
is  the  exponent  of  the  power  to  which  the  number  must  be 
raised  to  pve  a  given  base.  ^^ly'-v- 

When  the  logarithms  of  nnmbers  from  a  eeries  in  arith- 
metical progression,  their  corresponding'  natural  numbers 
form  a  series  in  geonietrieal  progression,  thus: 

Common   logarithms       0       12  3  4 

Natural  ntimbers  1      10    100      1,000      10,000 

Natural  logarithms  were  the  invention  of  Lord  Kapier. 
Common  logarithms,  the  kind  in  general  use,  were  inveDted 
by  Prof.  Brif^  of  Oxford,  England.  Lograrithms  are  ex- 
tremely useful  in  shortening  the  labor  of  mathematical  cal- 
culations. 

The  Rddition  and  subtraction  of  common  logarithms  cor- 
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along  the  line  opposite  these  fignres  until  the  eolamn  headed 
by  the  third  figure  of  the  nnmber  is  reached.  The  nmnho' 
thas  found  will  be  the  mantissa  or  decimal  fraction  of  the 
logarithm.  The  characteristic  will  depend  upon  the  number 
of  integers  or  whole  numbers,  less  one,  in  the  number, 
ooonting  from  the  left  of  the  decimal  point.  If  the  deci- 
mal point  be  entirely  to  the  left  of  the  nnmber,  the  charac- 
teristic is  obtained  by  counting  the  number  of  cyphers  be- 
fore the  first  number,  to  the  right  and  adjacent  to  the 
decimal  point. 

Example:  Find  the  common  logarithm  of  5.06  from 
Table  No.  2. 

Answer:  In  the  row  of  fignres  opposite  50  and  in  the 
column  under  6,  the  mantissa  of  the  logarithm  is  .7042!. 
Counting  from  the  decimal  place  of  the  number  to  the  left, 
the  characteristic  will  be  one  less  than  the  number  of  fig- 
ures to  the  right  of  the  decimal  point,  which  is,  in  this  case 
1,  and  1  minus  1  equals  zero,  which  is  the  characteristic  of 
the  mantissa  .7042,  the  complete  logarithm  of  5.06  will  then 
be  0.7042. 

The  logarithm  of  0.506  is  —  1.7042 

The  logarithm  of  5.06  is        0.7042 

The  logarithm  of  50.6  is        1.7042 

The  logarithm  of  506  is        2.7042 

To  find  the  number  corresponding  to  a  given  logarithm: 
As  the  mantissa  of  the  given  logarithm  is  not  usually  found 
in  the  table,  select  the  four  figures  corresponding  nearest  to 
the  given  mantissa.  The  first  two  figures  of  the  number 
will  be  found  in  the  column  marked  "No."  at  the  left  of 
the  row  in  which  is  the  mantissa  elected,  and  the  third  or 
last  figure  of  the  number  at  the  top  or  bottom  of  the  ver- 
tical row  of  figrures. 

Example:  Find  the  number  from  Table  No.  2  corres- 
ponding to  logarithm  1.0334. 
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Answer:  The  first  two  figures  of  the  number  corres- 
poQding  to  the  mautisaa  .0;i34  are  10,  and  at  the  top  of  the 
vertical  column  the  third  figures  given  ns  8,  making  the 
three  figures  108.  As  the  characteristie  k  1  therefore  the 
actual  nnmber  is  lO.S. 

The  number  corresponding  to  —  1.0334  is  .108 
The  nvtmber  corresiwiiding  to  0.0334  is  1.08 
The  number  corresponding  to  1.0334  is  lO.S 
The  number  corresponding  to        2.0334  is    108 

To  multiply  one  or  more  numbers  together,  add  the  com- 
mon logarithms  of  the  numbers  together,  the  sum  will  be 
the  logarithm  of  the  required  number. 

To  divide  a  number  by  one  or  more  numbers,  subtract  the 
sum  of  the  common  logarithms  of  the  numbers  from  the 
logarithms  of  the  number  to  be  divided. 

The  mantissa  of  tln>  eommon  logarithm  of  6  is  the  same 
aa  the  inBiitiasa  of  00  or  600,  the  charaeteristic  only  being 
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Table  No.  2. 
Logarithms  of  Nnmbers  from  100  to  999. 


No. 


10 


OOOO 


11  0414 


0792 
1139 

1561 
1781 

2M1 


17  12304 
18:2553 
19  2788 

»j301O 

21  13222 
iS  3617 


8a02 


4150 


27  4314 

58  '4472 

59  4624 

; 

80  '4771 


0043 

0453 
0828 
1173 

1492 
1790 
2068 

2;J30 
3577 
2810 

303* 

3243 
3444 
3636 

3820 
3997 
4166 


3 


4330 

4487 
4639 

4786 


^ 


81  ,4914  4928 

32  .505115065 

33  51835198 


00860128 

0492  0531 
0866  0899 
1206  1239 

1623  15,^.3 
1818;i847 
20952122 

2355'2380 
2601 1 2625 
2833  2856 

3054  3075 

3263;3284  3304 
3464'348:)3503 
365SJ3674]a692 

3838'3856i3874 
4014  4031,4048 
4183  4200,4216 


0170 

0569 
0934 
1271 

1548 
1875 
2148 

2405 
2648 
2878 

3096 


4346 
4602 
4654 

4800 


4362;4378 
451»|4533 
4669.4683 


48144829 


4942  4955  4969 
5079,5092  5105 


5o.j  0 


52I1I5224 


5237 


0212 
0607 


6 


0263 

0615 


0294 
0682 


O969a004ll0;i8 
1303  1335  1367 


1614 
1903 
2175 


1644  1673 
1931 :  1959 
2201:2227 


2430  2455  2480 
2672  26952718 
2900J2923  2459 

3118  3139 


3324 
3522 
3711 

3892 
40&5 
4232 


S345 
3.541 
3729 


3160 


8 


0334 

0719 
0172 
1399 

1703 
1987 
2253 

2,504 
2742 
2967 

3181 


0374 

0755 
1106 
1430 

1732 
2014 


2279    25 


2529 
2765 
2989 

3201 


3365  338.5  ;M04 
;MG0|3579'3.598 
3747!3766  3784 
I 
3909  Mf)27'3945  3962 
4)W2  4ii;i((i4116:4133 
4249  4265142814298 


4393  4409  4425:4440 
4548'4564  4.579i4594 
4698  4713  4728  474: 

I 
4843:4857  4871  4886 


44.56 
4609 
4757 

4900 


4983  4997:.W1 1  ,5024  .".038 
5119'5132.".14.".')15;».-,l 

5250,5263  5276  5281)  53u2 

_l I 


Diff. 

40 

37 
33 
31 

29 

27 


24 
23 
21 

21 

20 
19 
18 

17 
17 
16 

16 
15 
14 

14 

13 
13 
13 


Dlff. 


^M 

n 

I 

■ 

^M 

■_ 

■ 

H 

■■ 

H 
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Table  No.  2— CosnstrSD. 

1 

LogariUims  of  Numbeis  from  100  to  999. 

1 

I 

No. 

0 

1 

2 

3    i   4 

5 

6 

7 

6 

9 

Difi. 
13 

34 

5315 

5328 

5340 

i 
53S3  5;i66 

5378 

5391 

5403 

5416  5428 

35 

5441 

5453 

5465 

547815490 

."»502i55H  5527 .5.>S*t  ^iWl 

12 

86 

6563 

5575 

5587 

55996611 

5623,6635i5647|56o8 

5670 

12 

87 

5682 

5694 

5705 

5717  5729 

5740 

5752 

57635775 

5786 

12 

38 

5798 

5809 

5821 

5832  584;^ 

5855 

5866 

5877 

5888 

6899 

12 

89 

6911 

5922 

5933 

5944 

5955 

5966 

5977 

5988 

5999 

6010 

12 

40 

60216031 

6042 

6053 

6064 

6076 

6085 

6096 

ao7 

6117 

11 

41 

6128  6138 

6149 

6160 

6170 

6180 

6191 

6201 

6212 

6222 

10 

42 

6232  6234 

6253 

626.S'6274 

6284 

6294 

6304  6314 

a^25 

10 

43 

«335  6345 

1 

6355 

6365  6375 

6386 

6395 

6405 

6415  6125 

10 

44 

6435  6444 

6454 

6464 

6474 

6484 

6493 

6508 

6513  6522 

10 

45 

6532  6542 

6551 

6561 

6571 

6580 

6690 

6699 

6609  6618 

10 

46 

6628  6637 

1 

6646 

6656  6666 

6675 

6684 

6693 

6702 

6712 

9 

47 

6721  6730 

6739 

6749  6758 

6767 

6776 

6785 

6794 

ems 

9 

48 

6812  6821 

6830 

6839  6848 

6857 

6S66 

6876 

6884 

6893 

9 

49 

6902  6911 

6920 

6928  6937 

6946 

6955 

6964 

6972 

6981 

9 

60 

6990  6998 

6007 

7016  7024 

7033 

7042 

7050 

7069 

7067 

9 

51 

7076  7084 

7093 

7101  7110 

7118 

7126 

7135 

7143 

7152 

8 

52 

7160  7186 

7177 

71867193 

7202 

7210 

7218 

7226 

7236 

8 

^^V 

5» 

7248  7251 

7259 

7267 

7276 

7284 

7292 

7300 

7308 

7316 

8 

54 

7324  7.'532 

7340 

7348 

7356 

7364 

7372 

7380 

7388 

7396 

8 

55 

7404  7412 

7419 

7427:'74;« 

7443  7451! 

7459 

7466 

7474 

8 

56 

7482  7490 

7497 

75057512 

7520 

7528 

7536 

7543 

7551 

8 

No. 

0  li 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

^^^H 

1 

ta 

I 

■ 

H 

B 

B 

B 

J 
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Table  No.  2— Contivued, 
Logarithms  of  Nmnbers  from  100  to  999. 

No. 

0 

1 

o 

3 

4 

6 

6 

7 

8 

9 

Dia. 

57 
58 
S9 

60 

61 
62 
63 

64 
65 
66 

67 
68 
69 

70 

71 

72 
73 

74 
75 
76 

77 
78 
79 

7559 
7634 
7709 

7782 

7853 

7924 
7993 

8062 

8129 
8195 

8261 
8325 

8388 

8451 

8513 
8573 
8633 

8692 
8751 
8808 

8865 
8921 
8976 
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7642 
7716 

7789 

7860 

7931 
8000 

S069 
8136 
8202 

8267 
8331 
8395 

8457 

8519 
8579 
8689 

8698 
8756 

8814 

8871 
8927 
8962 

7574 
17649 
7723 

7796 

7868 
7938 
8007 

8075 
8142 
8209 

8274 
8338 
8401 

3463 

8525 
8585 
8645 

8704 
8762 
8820 

8876 
8982 
8987 

7582 
7657 
7731 

7803 

7876 
7945 
8014 

8082 
8149 
8215 

8280 
8334 
8407 

8470 

8531 

8591 
8651 

8710 
8768 
8825 

8882 
8938 
8993 

7589 
7664 

7738 

7710 

7882 
7952 
8021 

8089 
8156 
8222 

8287 
8351 
8414 

8476 

8537 
8697 
8657 

8716 
8774 
8831 

8887 
8943 
8998 

7597 
7672 
7745 

7818 

7889 
7959 
8028 

8096 
81C2 
8228 

8293 
8357 
8420 

8482 

8643 
8503 
8663 

8722 
8779 
8837 

8893 
8949 
9iXt4 

7604 

7679 
7762 

7825 

7896 
7966 
8035 

8102 
8169 
8235 

8299 
8363 
8426 

8488 

8549 
8609 
8669 

8727 
8786 
8842 

8899 
8954 
9009 

7612 
7686 
7760 

7832 

7903 
7973 
8041 

8109 
8176 
8241 

8306 
8370 
8432 

8494 

8565 
8615 
8675 

8733 
8791 
8848 

8904 
8960 
9015 

7619 
7694 
7767 

7839 

7910 
7980 
8048 

8116 
8182 
8248 

8312 
8376 
8439 

8500 

8561 
8621 
8681 

8739 
8797 
8854 

8910 
8965 
9020 

7627 
7701 
7774 

7846 

7917 
7987 
8055 

8122 
8189 
8254 

8319 
8382 
8445 

8506 

8.667 
8627 
8686 

8746 
8802 
88,59 

8915 
8971 
9025 

7 
8 
8 

7 

7 
6 

7 

7 
6 

7 

6 
6 
6 

7 

6 
6 
6 

6 
6 
6 

6 
5 
6 

Diff. 

No. 

0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

■ 

^^ 

1 

■ 

1 

1 

I 
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Table  No.  2— Continued. 

Iiogarithmfl  of  Numbers  from  100  to  999. 

No. 

0 

1       2 

3 

4 

5 

6 

7 

8 

9 

DiS. 
6 

80  'sOSl 

1 

9036 

9042 

9047 

9053 

9058 

9063 

9069 

9074 

9079 

81  19085 

91)90 

9096 

9101 

910fi 

9112 

9117 

9122 

9128 

9183 

5 

h-2  ,91.^8 

9143 

9149 

9154 

9159 

<il«r>fti70 

9175 

9180 

9186 

5 

8:1    91S»1 

9196 

9201 

9206 

9212 

9217  9222 

9227 

9232 

9238 

5 

84 

9243 

9248 

92.53 

9268 

9263 

9269 

9274 

9279 

9284 

9289 

5 

85 

9294 

9299,9304 

9309|9315 

9320  9325 

9330 

933.519340 

5 

86    9345 

9350,9355 

9460 

fH65 

9469 

9474 

9479 

9484  9489 

5 

87    939.5 

9400  9405 

9410 

9415 

9420 

9425 

9430 

9435  9440 

5 

88  ;944.5|9450l9455 

9460 

9465 

9469 

9474 

9479 

9484  9489 

5 

89 

9494 

9499 

9504 

9509 

9513 

9518 

9533 

9528 

9533  9636 

4 

90 

9542 

9547 

9552 

9557 

9562 

9566 

9571 

9576 

95819686 

4 

91 

9590 

9595 

96(H) 

9605 

9609 

9614 

9619 

9624 

%28  9638 

5 

92 

96;}8  9fi43 

9647 

9652 

9657 

9661 

9666 

9671 

9675  9680 

5 

93 

96S5 

9689 

9094 

9699 

9603 

9701 

9713 

9717 

9722  9724 

4 

1 
94  i9731 

9786 

9741 

9745 

9751  i 

',I7M 

9759 

9763 

9768  9773 

4 

95 

9777 

9782 '9786: 97W 

971*-') 

!  181)0,9805. 9809 

9814  9818 

5 

96 

9823 

9827 

9832 

98;ii;;iM] 

'.1845  985019854 

9859  9863 

1 

6 

97 

9868 

9872 

9877 

98X1  I'.'^.st; 

f 

'S99 

1 

9903  9908 

4 

98 

9912 

9917 

9921 

992a  u:i;iu 

■,n;.,.  :■.:..:■  XUti 

9948  9952 

4 

99 

9956 

9961 

9965 

9969 

9974 

9978 

9983 

9987 

99919996 

1 

4 

Diff. 

1 
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0 

1 

2 

3 

4 

5 

6 

7 

8    I   9 

• 

^ 

J 
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To  bisMt  a  straight  line— Fig.  1.  Let  BC  be  the  straight 
fine  to  be  bisected.  With  any  convenient  radius  greater 
than  AB  or  AC  describe  arcs  cutting  each  other  at  D  and 
E.  A  line  drawn  through  D  and  E  will  bisect  or  dividt 
the  line  BC  into  two  equal  parts. 


;CD 


Fig.  1. 


Pig.  2. 


To  erect  a  perpendicular  line  at  or  near  the  end  of  a 
straight  line— Fig  2.  With  any  convenient  radius  and  at 
any  distance  from  the  line  AC,  describe  an  are  of  a  circle 
as  ACE,  cutting  the  line  at  A  and  C.  Through  the  center 
R  of  the  circle  draw  the  line  ARE,  cutting  the  arc  at  point 
E.  A  line  drawn  from  C  to  E  will  be  the  required  per- 
pendicular. 

To  divide  a  straight  line  into  any  number  of  equal  parts 
—Fig.  3.  Let  AB  be  the  straight  line  to  be  divided  into  a 
certain  number  of  equal  parts:  From  the  points  A  and  B, 
draw  two  parallel  lines  AD  and  BC,  at  any  convenient 
anjfle  with  the  line  AB.  Upon  AD  and  BC  set  off  one  less 
than  the  number  of  equal  parts  required,  as  A-1,  1-2,  2-D, 
etc.  Join  C-1,  2-2,  1-D,  the  line  AB  will  then  be  divided 
into  the  required  number  of  equal  parts. 

To  find  the  length  of  an  arc  of  a  circle— Fig.  4.  Divide 
the  chord  AC  of  the  arc  into  four  equal  parts  as  shown. 

43 
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With  the  radius  AD  equal  to  one-fourth  of  the  chord  of  the 
are  and  with  A  as  the  center  describe  the  are  DE,  Draw 
the  line  EG  and  twice  its  length  will  be  the  length  of  the 
are  AEC. 

To  draw  radial  lines  from  the  oircnmference  of  &  riide 
yfhan  the  center  is  inaccessible— Fig.  5.  Divide  the  circum- 
ference into  any  desired  number  of  parts  as  AB,  BC,  CD, 
D£.    Then  with  a  radius  greater  than  the  length  of  one 


ft**' 


-  a'3 
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division  of  the  diameter 
o(  AB,  intersecting  the 
circumference  of  the  circle 
D.  A  line  drawn  from  B 
to  D  is  one  of  the  sides  of 
the  polygon. 


Fig.  7. 

To  cut  a  beam  of  the 
strongest  shape  from  a 
drcnlar  section— Fig.  7. 
Divide  any  diameter  CB 
of  the  circle  into  three 
equal  parts  as  CF,  FE  and 
£B.  At  £  and  F  erect 
perpendiculars  EA  and  FD 
on  opp>ooite  sides  of  the 
diameter  CB.  Join  AB, 
BD,  DCandCF.  The  rect- 
angle ABCD  will  be  the 
required  shape  of  the  beam . 

^«.  ^  t  liG  - 1  »- «-  A' *^ 

2^  a^Af   cir^"-:^  p- 
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To  develop  the  surface  of  a  cone  or  the  frustum  of  a 

^Jf.  cone— Fig.  8.  I^et  ABC  represent  the  cone  and  DEAB  Ihe 
frustum  of  the  cone.    On  the  base  AB  of  the  cone  desmbe 

l^  the  semicircle  AFB.  With  C  as  a  center  and  radiiis  CB, 
describe  the  arc  BG.  Make  BG  equal  lo  twice  the  length 
of   AFB   and  join   CG.     The   sector  CBO   will   be   required 

'  surface  of  the  cone.     With   center  C  and  radius  CE  draw 

tlie  arc  EII,  intersecting  the  line  CG"  at  E.  The  shaw 
EHBG  will  be  the  required  surface  of  the  fniatuin  of  the 
cone. 

To  conatruct  a  sqnare  upon 
a  Btraigbt  line  of  given  length 

—Fig,  9.  With  A  and  C  as 
centers  and  radius  AC,  de- 
scribe the  ores  AF  and  AB, 
cutting  each  other  at  D. 
With  centerD  and  radius  AC 
describe  the  circle  ACEHGF 


FiucncAL  idmmMtwT 


To  conitnct  s 
— Fi«.  11.    Frodacr  t^ 
A  and  make  AC  mml 
scribe  the  soBieirrle  A^K. 
intersects   the  etxa^dacBce  rf 
!AE  is  ooe  side  of  the 


,X 


rw.  u. 


AEfiF 


.--''F 


3^ 


3 


^'^  c 


To  find  the  leica  af  »  iiHiWili  a^rt  te  ^ 
cqnaie  wken  the  vidft  if  Oe  iM^^  ii  gl—  Hg,  1& 
Let  ABCD  be  the  giroa  «|««t«  and  DK  (he  vidlh  vf  Ife 
rectangle  «4o«e  ka^th  i»  _W4uiied._  Fw  J-4»w  EH  par- 
allel  to  DC  mad  prvdaee  ^Cto  « nd^BC  t«  ¥,  J«ifi  DF 
and  draw  AG  paralld  to  DF.  cnttiag  DC  pndwcd  at  G. 
Draw  GH  parallel  to  DE  and  DEGH  ia  ^e  nqwred  rect- 
angle. 

To  divide  aay  triaa^  into  t»«  f«ls  «f  e^p^l  an&— 
Fi|^  IS.  Let  ABC  be  the  giren  txiaa^:  BiM«t  one  of  iu 
sides  AB  at  D  and  deaeribe  the  aemianle  AEB.  At  D 
«Teet  the  perprikibeaUr  DE  aad  with  eester  B  and  lafiM 
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BE  describe  the  arc  EF  which  intersects  the  litte  AB  t 
At  F  draw  the  line  AQ  parallel  at  AC,  this  divides  th« 
angle  into  two  parts  of  equal  area. 
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To  constmct  a  rectangle  eqnal  in  area  to  a  given  triangle 
—Tig.  16.     Let  ABC  be  the  given  triangle:    Bisect  the  base 

AB  of  the  triangle  at  D 
and  erect  the  perpendicu- 
lars DE  and  BF  at  D  and  B . 
Through  C  draw  the  line 
ECF  intersecting  the  per- 
pendiculars DE  and  BE  at 
E  and  F.  Then  BDEF  is 
the  required  rectangle. 

To  constmct  a  triangle  eqnal  in  area  to  a  given  parallel- 
oinm— Fig.  17.  Let 
ABCD  be  the  given  par- 
tllelogram;  Produce  the 
line  AB  at  B  and  make  / 
BE  equal  to  AB.  JoiqjC 
&e  points  A  and  C  and 
ACE  will  be  the  triangle 

required. 

To  construct  a  square  equal  in  area  to  a  given  circle— 
Rl.  18.  Let  ACBD  be  the  given  circle:  Draw  the  dia- 
Hl  iG      meters  AB  and  CD  at  right  an- 

gles to  each  other,  then  bisect 
the  half  diameter  or  radius 
DB  at  E  and  draw  the  line 
CEF  also  from  the  point  F 
draw  the  line  FL,  parallel  to 
BA.  At  the  points  C  and 
F  erect  the  peii^endieulars 
CHand  FG',  equal  in  lensrth 
to  CF.  Join  HG,  then  CFGH 
is  the  required  square.  The 
dotted  line  YL    is  equal  to 

one-fourth  the  circle  ACBD. 

/ 


Pig.   18. 
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To  inscribe  a,  square  within  a  given  circle— Fig.  19.  Let 

ADBC  be   the  si^e"   pireU":     Draw   the  diameters  AB  and 

CD  at  ri^ht  angles  to  eneh  other.     Join. AD,  DB  and  CA, 
then  ACBD  is  the  inscribed  sqnare. 


Fig.    19. 


To  describe   a.  sqnare   withont  a.  given  circle— rig.  20. 

Draw   tlie   tliaiiieters    AH   and    CD   at   right   angles   to  each 
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To  describe  an  octagon  about  a  given  circle— Fig.  82.  Let 
ACBD  be  the  given  circle:  Draw  the  diameters  AB  and 
CD  at  right  angles  to  each  other.  With  any  convenient 
radius  and  centers  A,  C,  B  and  D  describe  arcs  intersecting 
each  other  at  E,  H,  F  and  Q.  Join  EF  and  GH  which  form 
two  additional  diameters.  At  the  points  AB  and  CD  draw 
the  lines  KL,  PR,  MN  and  ST,  parallel  with  the  diameters 
CD  and  AB  respectively.  At  the  points  of  intersection  of 
the  circumfeuence  of  the  circle  by  the  lines  EF  and  QH, 
draw  the  liues.KP,  RM,  NT  and  SL  parallel  with  the  lines 
EF  and  HG  respectively,  then  PEMNTSLK  is  the  reqviired 
octagon. 


Fig.   23. 


To  constract  a  circle  equal  in  area  to  two  given  circles 
—Pig.  23.  Let  AB  and  AC  equal  the  diameters  of  the 
given  circles:  Erect  AC  at  A  and  at  right  angles  to  AB. 
Connect  B  and  C,  then  bisect  the  line  BC  at  D  and  describe 
the  circle  ACB  which  is  the  circle  require^l  and  is  equal 
in  area  to  the  two  given  circles. 


given 


ZAt 


L^ 


--  ¥ 
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To  construct  a  square  equal  in  area  to  two  given  sqtnirsi 
—Fig.  24.  Lei  AC  ntiii  AD  be  Uu"  IfMislh  of  tlie  Bules  of 
the  given  squares:  Make  AD  perpendicular  to  AC  and  con ~ 
neot  DC,  then  DC  is  one  of  the  siile^  of  the  square  DCEG 
which  is  erjual  to  the  two  givea  squares. 
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To  inscribe  a  hexagon  in  a  given  circle— Fig.  26.  Draw 
a  diameter  of  the  circle  as  AB:  With  centers  A  and  B 
and  radius  AC  or  BG,  describe  arcs  cutting  the  circum- 
ference of  the  circle  at  D,  E,  F  and  G.  Join  EF,  FB,  BG, 
GD,  DA  and  AE,  this  gives  the  required  hexagon. 

D 
E^, >_F 


Fig.    26.  Pig.   27. 

To  find  the  correct  position  of  an  eccentric  in  relation  to 
the  crank,  the  travel  of  the  slide  valve  being  given— Fig.  27. 
Draw  the  line  AB  equal  to  the  travel  of  the  valve  and  with 
center  G  describe  a  circle  ADBC.  The  line  AG  represents 
the  position  of  the  crank  at  the  beginning  of  the  pi&ton 
stroke.  Draw  the  diameter  CD  perpendicular  to  AB,  then 
draw  the  line  EF,  which  should  be  equal  to  the  sum  of  the 
lap  and  lead  of  the  valve.  Connect  EG  and  FG,  and  E 
will  be  correct  position  for  the  forward  eccentric  and  F  the 
correct  position  for  the  backward  eccentric. 

To  lay  out  the  throw  of  an 
eccentric  for  operating  a  slide- 
valve— Fig.  28.  The  throw  of 
an  eccentric  is  equal  to  the 
distance  between  the  center  of 
the  shaft  and  the  center  of 
the  eccentric,  as  at  AB.  The 
travel  of  the  valve  necessary 
to  open  the  port  its  full  width, 
is  equal  to  twice  the  sum  of 
the  width  of  the  port  and  the 
lap  of  the  valve. 


7ig.  28. 
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To  describe  a  cyclQid,  the  diameter  of  the  geaerating  cir- 
cle being  given— Fig.  29,  Let  BD  be  tbe  {generating-  circle: 
Draw  Ihe  line  ABC  equal  in  length  to  tlie  circumference  of 
the  generating  circle.  Divide  the  circumference  of  the  gen- 
erating circle  into  12  parts  as  shown.  Draw  lines  from  the 
points  of  division,  1,  2,  3,  etc,  o£  the  circumference  of  the 
generating  tnrele  parallel  to  the  line  ABC  and  on  both  sides 
at  the  circle.  Lay  off  one  division  of  the  generating  circle 
on  the  lines  5  and  7,  two  divisions  on  the  lines  4  and  8, 
three  divisions  on  the  lines  3  and  9,  four  divisions  on  the 
lines  2  and  10,  and  five  divisions  on  the  lines  1  nnd  II,  A 
line  traced  through  the  pijints  thus  obtained  will  be  tbe 
cycloid  curve  required. 
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completed.    If  carefully  laid  ont  the  spiral  should  terminate 
at  E  as  shown  in  the  drawing. 


E' 
Fig.   31. 

To  bisect  a  given  angle, 
that  is  to  divide  it  into  two 
e^nal  parts— Fig.  31.  Let 
CAD  be  the  angle  to  be  bi- 
sected. With  any  convenient 
Hfr  30.  radius    describe    equal    ares, 

catting  AC  and  AD  in  E  and  G  respectively.  With  the 
points  E  and  C  as  centers  and  with  any  radius  greater  than 
EG,  describe  equal  arcs  intersecting  each  otlier  at  H.  .Join 
the  points  and  H  and  the  angle  CAD  is  bisected  as  required. 
To  construct  a  90°  angle  or  a  right-angle— Fig.  32.  Draw 
the  line  AC  of  any  convenient  length  and  on  AC  mark  off 
any  distance  AE.  With  centers  A  and  E  and  raditis  AE, 
describe  ares  cutting  at  F  and  with  F  as  a  center  and  ra- 
dius FA  describe  the  arci  AGD.  With  radius  FA  mark  off 
the  distances  AG  and  GD  on  the  arc  AGD.  Join  the  points 
D  and  A  and  the  angle  DAC  is  equal  to  90°. 


'E'  C 

To  constmct  a  60°  angle— Fig.  33.    Draw  the  line  AC  as 
before  an'd  mark  off  the  distance  AE.    Witli  centers  A  and 
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radius  AE,  describe  ares  cutting  at  Gf.     Draw  the 
3  from  the  point  Q  through  C  and  DAC  is  the  re- 
60°  angle. 

onstrnct  a  45^  angle— Fig.  34.    Upon  the  line  AC 
[be  point  E,  at  any  suitable  distance  from  A.     With 
A  and  E  and  radius  AE,  deseiibe  arcs  cutting  each 
t  F.    Draw  the  line  EFG  and  make  the  distance  FG, 
0  FE.    Join  the  points  AG,  and  on  the  line  AG  lay 
[  equal   to   AE.    With   any   suitabSe   radius   gi-eater 
le  distance  EH,  and  with  centers  E  and  H,  describ* 
Iting  each  other  in  L.    The  line  AD  drawn  from  the 
L  Ihrougli  L  completes  the  45"  angle. 

M 


MENSTTBATION    OF    PLANE 

To  find  the  area  of  a  circle— Fig.  36. 
of  the  diameter  by  .7854. 

To  dnd  the  drcnmference  of  a  circle, 
meter  by  3.1416.  . 

Circle:    Area  =    .78540*        0^      TF  /< 
Cire.  =  3.1416D 


SUBFAOES. 

Multiply  the  square 


Multiply  the  dia- 


l,-:r^__j 


-D- 

Flg.    36. 

To  find  the  area  of  a  aemi-cirde— Fig.  37.  Multiply  the 
square  of  the  diameter  by  .3927. 

To  find  the  circumference  of  a  semi-circle.  Multiply  the 
diameter  by  15708.      U'^'V^ 

Semi-drde:    Area  =    .3927D''        ,       > 
Cire.  =  |.5708D    f     ;,   ''' 

To  find  the  area  of  an  annular  ring— Fig.  38.  From 
the  area  of  the  outer  circle  subtract  the  area  of  the  inner 
circle,  the  result  will  be  the  area  of  the  annular  ring. 

To  find  the  enter  circumference  of  an  annnlar  ring.  Mul- 
tiply the  outer  diameter  by  3.1416. 

59 


■1 
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To  find  the  inner  circttmf erence  of  an  annular  ring. 

tiply  the  inner  diameter  by  3.1416. 
Annular  ring:    Area  =  .7854  (D*— H*) 


Mnl- 


Out.  circ.  =  3.1416  D 
Inn.  eirc.  =  3.1416  H 


U D i 


1 


ric   38. 


Fig.  3a. 


To  find  the  area  of  an  ellipse.— Fig.  39.      Multiply  the  long 

diameter  bv  Ibe  sliort  ilinmeter  and  by  .7854.     ^■■''  ' 
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To  find. the  ares  of  a  parabola— Fig.  41. 
VaM  by  the  height  and  by'  .667. 
Parabola:    Area  =  .667  (DXH) 


Multiply  th<» 


D — 

Fig.   42. 

To  flBd  tii0  area  of  a  stnare— Fig.  42.  Multiply  thp 
length  by  the  width  or  in  other  words  the  area  is  equal  to 
square  of  the  diameter. 

To  find  the  drcnmference  of  a  sqnare.  The  circumfer- 
ence  of  a  square  is  equal  to  the  sum  of  the  lengths  of  the 
sides. 

Square:    Area  ^  D* 
Cire.  =  4D 

To  find  the  area  of  a  rectangle— Fig.  43.  Multiply  the 
length  by  the  width,  the  result  is  the  area  of  the  rectangle. 

To  find  the  drcnmference  of  a  rectangle.  The  circum- 
ference of  a  rectangle  is  equal  to  twice  the  sum  of  the 
length  and  width. 

Sectangle: 


Area  =  DXH.         ,  ^ 

Circ.  =  2(E^^  XQ?-»-H; 


1 

I 

Z 
I 
I 

i 


k — D-H 

Fig.   43. 


Fig.   44. 

To  find  the  area  of  a  parallelogram— Fig.  44.    Multiply 
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tlie  base  by  the  perpendieular  height. 
FaralleloiTam:    Aie!i  =  r)>'II 

To  find  the  area  of  a  trapezoid— Fig.  46.  Multiply  hidt 
the  sum  of  the  two  jjunilltl  sides  by  the  perpendicular  dis- 
tance between  the  Hides,     /  /  "V      Li 

2 


Trapezoid;   Arefl= 


U D M 

Fig.    46. 

To  find  the  area  i^f  an  equilateral  triangle— Fig.  46.    The 
area  of  an  equilatt'ral  triangle  is  equal  to  the  Kquare  of  one 
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To  find  the  cirGnniference  of  a  riicht-uigle  or  xa  isosceles 
triangle: 
Eight  angle  or  isosceles  triutgle: 


Ai««=- 


DXH 


Circ-v'(4IP+D=}+D 

To  find  the  area  of  an  hexagon— Fig.  48.  Multiplj-  the 
square  of  one  side  Uv  2.-'i!.'S. 

To  find  the  circmnference  of  a  hexagon:  The  cireumter- 
ence  of  a  bexagon  is  erjiial  lo  the  sum  of  the  length  of  tb« 
sides,  . 

Hexagon:     Area  =  2jUfiS»  h  iO»''    >*    ' 

Circ.  =  68  '^  ^ 

D  =  1.732'  S 


U D »4  U D -J 

Fig.    48.  Fig.    49. 

To  find  the  area  of  an  octagon— Fig.  49.  Multiply  tlie 
square  of  llie  short   diameter  l>y  .82S. 

To  find  the  circumference  of  an  octagon.  The  circumfer- 
ence of  an  octagon  is  equal  to  the  sum  of  the  length  of  tho 
sides. 


Octagon : 


Area  =  .828D= 
arc.  =  8S 
S  =  .414D 


To  find  the  area  of  any  regular  polygon— Fig.  50.  Multi- 
ply half  the  sum  of  the  sides  hy  the  perpendietilar  diistanee 
from  the  center  of  one  of  the  sides. 


;)     U..^   /> 


i:r-^ 
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To  find  the  circuinfereiice  of  any  regular  polygon.    The 

cireumferenee  of  any  polygon  is  .equal  to  the  sum  of  the 
length  of  the  sides. 


Polygon:    Areai= 


No.  of  BideBXDXP 


Circ.  =No.  of  sidesXD 
D  =  Length  of  one  side. 
P  ^  Perpendicular  distance 

irom    the    center    to 

one  side. 


maiSUEATION  OF  VOLUME  AHD  SURTACE  OF 
SOLIDS. 


To  find  the  cnbic  contents  of  a  spheie— Fig.  61. 

the  cubic  of  the  diameter  by  .5236, 


Multiply 
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To  find  the  superficial  area  of  a  hemisphere.       ^ 
Hemisphere:     Cubic  contents  =  .2618D^      7   "Ji    I> 
Superficial  area  ==  2.35620=   •       '^ 

To  find  the  cubic  contents  of  a  cylindrical  ring— Fig.  53. 
To  the  cross-sectional  diameter  of  the  ring  add  the  inner 
diameter  of  the  ring,  multiply  the  sum  by  the  square  of  the 
cros^sectional  diameter  of  the  ring  and  by  2.4674,  the  pro- 
duct is  the  cubic  contents^ 

To  find  the  superficial  area  of  a  cylindrical  ring.  To  the 
cross-sectional  diameter  of  the  ring  add  the  inner  diameter 
of  the  ring.  Multiply  the  sum  by  the  cross-sectional  dia- 
meter of  the  ring  and  by  9.8696,  the  product  is  the  superfi- 
cial area. 

CyUudrical  Ring:     Cubic     contents=2.4674T2(T+H) 
Superficial  area=9.8696T(T-fH) 
D=(H+2T) 


To  find  the  cubic  contents  of  a  cylinder— Fig.  54.  Multi- 
ply the  area  of  one  end  by  the  length  of  the  cylinder,  the 
product  will  be  the  cubic  contents  of  the  cylinder. 

7o  find  the  superficial  area  of  a  cylinder.  Multiply  the 
circumference  of  one  end  by  the  Icngtli  of  the  cylinder  and 
add  to  the  product  the  area  of  both  ends. 
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Cubic  contents=.7854(D+H) 
Siiperfieial    area=1.5708D(2H+D) 

t  the  cnbic  contentB  of  a  cone— Fig.  65.    Multiply 
'*;  «i'  the  base  by  tbe  perpendicuJar  height  and  by 

I  the  SHperficial  area  of  a  cone.    Multiply  the  cii^ 
ce   of  the  base  by  one-half  the  slant   height  aud 
le  product  the  area  of  the  base, 
•ubic  eontenta  =  .261»(D='XH) 
iuperfieiai   area=.7854D(2S+D) 
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Fnutmn  of  cone: 


^..         ^     ^      H(.2618(  E'+D«)^EXD) 
Cubic  coiitent8= 

Superficial  area=3.14168^^|^W.7854(E»+D*) 


^4^) 


»+H» 


To  find  the  contents  of  a  cube— Fig.  67.    The  contents  of 
equal  to  the  cube  of  its  diameter. 

To  find  the  snperficial  area  of  a  cnhe.    The  superficial 
area  of  a  cube  is  equal  to  six  times  the  square  of  its  dia- 
meter. 
Cube:    Cubic  contents  =  D' 

Superficial  area  =  6D* 


k- D V 

Fig.   57. 

To  find  the  cubic  contents  of  a  rectangle  solid— Fig.  68. 

Multiplying  together  the  length,  width  and  height  will  give 
the  cubic  contents  of  the  rectangular  solid. 

To  find  the  snperfiicial  area  of  a  rectangular  solid.  Mul- 
tiply the  width  by  the  sum  of  the  height  and  length  and 
add  to  it  the  product  of  the  height  multiplied  by  the  length, 
twice  this  sum  is  the  superficial  area  of  the  rectangular 
solid. 
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RecUngnlar  solid: 

Cubic  contents  =  DXHXL 

Superficial  iireii=2(D(H4.L)+HL) 

To  find  the  cubic  contents  of  a  pyramid— Fig.  69.  Multi- 
ply  tlie  area  of  the  base  by  one-tiiii'd  (lie  perjieniiioiilar 
heigbt  aud  Ibe  prothict  will  be  tlie  cubit'  eonli-iits  of  the 
pyramid. 

To  find  the  superficial  area  of  a  pyramid.  Multiply  the 
eircQiDference  of  the  base  by  half  the  slant  height  and  to 
tlii!!  B(id  the  area  of  the  base,  the  sum  will  be  the  (luperti* 
cial  area. 

Pyramid:  Cubic  contents^ 


D'XH 

3 


/4D+8         \ 
Supe'Iicial  area  =  (- — - — !-4Dj 


■V^ 


+H^ 


Fig.  69. 


MENSURATION  OP  TRIANGLES. 

To  find  the  base  of  a  right- angle  triangle  when  the  pw- 
pendicular  and  the  hypothenuse  are  given— Fig.  60.  Sub- 
tract the  square  of  the  perpendieular  from  the  square  of  the 
hypothenuse,  the  square  r«ot  of  the  difference  is  equal  to 
the  len^h  of  the  base. 


Base^i/ Hypotenuse* — Perpendicular*  or  B=v''C* — H* 

To  find  the  perpendicular  of  a  right-angle  triangle  when 
the  baB«  and  hypothenuse  are  given.  Subtract  the  f^quare  of 
the  base   from   the  square  of  the  hypothenuse,  the  square 
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root  of  the  difference  is  equal  to  the  length  of  the  perpen- 
dicular. 


Perpendiculai^i/Hypotenuse* — Base*,  or  H=i/C* — B* 

To  find  the  hypothennse  of  a  right-angle  triangle  when 
the  baae  and  the  perpendicnlar  «re  given.  The  square  root 
of  the  Btun  of  the  squares  of  the  base  and  the  perpendicu- 
lar is  equal  to  the  length  of  the  hypothennse. 


Hypotenuse=V'Ba8e*+Perpendicular* 
C=v'B»+H» 
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**"        ^  Fig.  61. 

Pig.  •  60. 

To  find  the  perpendicular  height  of  any  obliqne  angled 
triangle— Fig.  61.  From  half  the  sum  of  the  three  sides  of 
the  triangle,  subtract  each  side  severally.  Multiply  the 
half  sum  and  the  three  remainders  together  and  twice  the 
sqn.nre  root  of  the  result  divided  by  the  base  of  the  triangle 
will  be  the  height  of  the  perpendicular. 


D= 


2i/S(S— A)  (S— B)  (8— C) 


Sum  of  sides 


To  find  the  area  of  any  obliqne  angled  triangle  When  only 
the  three  sides  are  given.    From  half  the  sum  of  the  three 
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sides,  substract  each  side  severally.  Multiply  the  half  snq 
and  the  three,  remainders  together  and  the  square  root  d 
the  product  is  equal  to  the  area  required. 


Area=i/8(8— A)  (8— B)  (8— C) 


To  find  the  height  of  the  perpendicular  and  the  two  sidee 
of  any  triangle  inscribed  in  a  semi-circle,  when  the  base  of 
the  triangle  and  the  location  of  the  perpendicular  are  given 
-Fig,  62. 


jX^^^      ^-^ 
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Fig.    62. 
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Fig.   63. 


The  ndina  of  a  circle  is  a  straight  line  drawn  from  the 
centre  to  the  circnmferenee  as  LM— Fig.  63. 

The  diameter  of  a  circle  is  a 
straight  line  drawn  through 
the  centre,  atid  terminated 
both  ways  at  the  circumfer- 
ence, as  ALC. 

A  chord  is  a  straight  line  a| 
joining  any  two  points  of  the 
eireufflference,  as  DE. 

The  versed  sine  is  a  per- 
pendicular joining  the  middle 
of  the  chord  and  circumfer- 
ence, as  GH. 

An  arc  is  any  part  of  the  circumference,  as  DHE. 
A  semicircle  is  half  the  circumference  cut  off  by  a  dia- 
meter, as  AHC. 

A  segment  is  any  portion  of  a  circle  cut  off  by  a  chord, 
as  DHE. 

A  sector  is  a  part  of  a  circle  cut  off  by  two  radii,  as 
ALM  or  CLM. 

Circumference.  Multiply  the  diameter  by  3.1416,  the  pro- 
duct is  the  circumference. 

Diameter.  Multiply  the  circumference  by  .31831,  the  pro- 
duct is  the  diameter,  or  multiply  the  square  root  of  the 
area  by  1.12837,  the  product  is  the  diameter. 

Area.  Multiply  the  square  of  the  diameter  by  .7854,  the 
product  is  the  area. 

Side  of  square.  Multiply  the  diameter  by  .8862,  the  pro- 
duct Is  the  side  of  a  square  of  equal  area. 

Diameter  of  circle.    Multiply   the   side   of  a   square   by 
1.12S,  the  product  is  the  diameter  of  a  circle  of  equal  area. 
To  find  ihe  Tersed  sine,  chord  of  an  arc  or  the  radios 
when  any  two  of  tbe  three  factors  are  given— Fig.  64. 
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Ueduuiical  Fowen  consist  of  simple  mechanical  devices 
Iwhereby  weights  may  be  raised  or  resistances  overcome 
{(n-ith  the  exertion  of  less  power  than  would  be  necessary 
.without  them. 

They  are  six  in  number:  The  lever,  the  wheel  and  pinion, 
the  pnlky,  the  inclined  plane,  the  wedge,  and  the  screw. 
Properly  two  of  these  comprise  the  whole,  namely,  the 
lever  and  the  inclined  plane,— the  wheel  and  pinion  being 
only  a  lever  of  the  first  kind,  and  the  pulley  a  lever  of 
the  second,  the  wedge  and  screw  being  also  similarly  allied 
to  that  of  the  inclined  plane.  Although  such  seems  to  be 
the  case,  yet  they  each  require,  on  account  of  their  various 
modifications,  a  different  rule  of  calculation  adapted  ex- 
pressly to  the  different  circumstances  in  which  they  are  re- 
quired to  act. 

The  primary  elements  of  machinery  are  therefore  two 
only  in  number,  the  lever  and  the  inclined  plane. 

The  Lever. 

Levers,  according  to  the  method  of  application,  are  of  the 
first,  second,  or  third  kind.  Although  levers  of  equal  lengths 
produce  different  effects,  the  general  principles  of  estima- 
tion in  all  are  the  same,  namely,  the  power  is  to  the 
weight,  as  the  distance  of  one  end  of  the  fulcrum  is  to  the 
distance  of  the  other  end  to  the  same  point. 

In  a  lever  of  the  first  kind  the  fulcrum  is  between  the 
power  and  the  weight,  as  in  Fig.  67.  A  pair  of  pliers  or 
scissors  are  double  levers  of  the  first  kind. 

In  a  lever  of  the  second  kind,  the  weight  is  between  the 
power  and  the  fulcrum,  as  in  Fig.  68.  A  wheel-barrow, 
or  the  oars  of  a  boat  where  the  water  is  considered  the 
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fulcrum,  and  a  door,  represent  levers  of  the  second  kind. 

In  a  lever  of  the  third  kind,  the  power  is  between  the 
fulcrum  and  the  weight,  as  in  Fig.  69.  Levers  of  the  third 
kind  are  instruments  such  as  tongs,  shears,  &c. 

In  the  first  kind,  the  power  is  to  the  weight,  as  the  dis- 
tance W  F  is  to  the  distance  F  P. 

In  the  second,  the  power  is 


to  the  weight,  as  the  distance 
F  W  is  to  that  of  F  P;and, 

In  the  third,  the  weight  is 
to  the  power,  as  the  distance 
F  P  is  to  that  of  F  W. 

To  find  the  power.  Multi- 
ply the  weight  by  its  distance 
from  the  fulcrum,  and  divide 
by  the  distance  of  the  power 
fi'om   the  fuit-nim. 

To  find  the  weight.    Mul- 


w 


A 


1 
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And  for  a.  lever  of  the  second  kind. 


W=P— 


{Fig  68.) 


P=W— 


And  for  a  lever  of  the  tliird  kind.     (Fig.  68.) 


P=W 


rF 


W=l 


The  Wheel  and  Pimoa. 

"Die  mechanical  advButag:e  of  the  wheel  and  pinion  wym- 
tem,  Fig,  70,  is  as  the  velocity  of  the  weight  to  the  velocity 
of  the  power,  and  being  only  a  modification  of  the  flnt 
kind  of  lever,  it  of  course  partakes  of  the  same  principles. 

To  find  the  power.— Multiply  the  weight  by  the  radius 
of  the  dnmi,  and  divide  by  the  radius  of  the  wheel. 

To  find  the  radios  of  the  wheel.— Multiply  the  weight  by 
the  radius  of  the  drum,  and  divide  by  the  power. 

To  find  the  radius  of  the  dmm.— Multiply  the  power  by 
the  radius  of  the  wheel,  and  divide  by  the  weight. 

To  find  the  weight.— Multiply  the  power  by  the  radius 
of  the  wheel,  and  divide  by  the  radius  of  the  drtun. 

Let  W  be  the  weight,  D  the  radius  of  the  drum,  B  the 
radius  of  the  wheel  and  P  the  power  required  to  lift  the 
weight,  then  for  a  Wheel  and  Drum  system:   (Fig.  70.) 
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WXD 


D= 


PXR 
W 


E= 


WXD 


D 


Koi-  a  Orank,  Pinion  and  G«ar  and  Briun  Gystem:     (Fig. 
71.) 


PIN 


W= 


_WXDXP 
RXG 

PXRXO 


DXP 


Pig.    Tl. 

To   determine   the   amount   of   effective   power   produced 
from  a  giv^u  power  by  means  of  a  crank,  pinion  and  gear, 


Tlie  pmBtT 
to 

otber 

centers. 

Tin  ixei 
a  lersr  of  tfe  fcsl  lasi. 
tuge,  asd 
does  iwt  ahcr  it» 
the  appUeatiaB  of 
tbau  ii|T«ardi.    !■ 
to  tbe  weigkt  to  W 


2.  F««.   T3. 

The  movable  pollejr  (Fig.  73).— This  acts  Ukc  a  Uver  of 
the  secoad  kin<l.     One  end  of  the  rope  iii  sii^|ieMdeil  to  a 
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flxpd  (loint,  as  a  fulcrum,  in  a  beam,  and  the  weight  i»  at- 
tu<'liL'd  to  (he  axis  o£  the  pulley.  This  kind  of  palley 
doubles  the  power  at  the  expense  of  the  speed,  and  the 
prttdut't  of  the  power  by  the  diameter  of  the  pulley,  is 
e(|ual  to  the  product  of  the  weight  by  the  radio;;  of  thi 
pullpy, 

A  movable  pulley  acting  as  a  lever  of  the  third  kind  h 
nhfiwii  (i(  Fiff.  74.  One  end  of  the  cord  is  fixed  to  a  floor, 
au(J   the   weight   is   attached   to  the  other  end,   the   power 

being  applied  to  the  axis.  The 
power  is  equal  to  twice  the 
weight,  and  the  product  of  the 
power  by  the  radius  of  the 
pulley  is  equal  to  the  product 
of  the  weight  by  the  diameter 
of  pulley.  In  the  arrange- 
ment shown  at  Fig.  75  the 
power  is  equal  to  one-half  tht 
V  eight. 


eod  of  the  rope  is  attached  to  tbe  moveable  bl(K>k,  tb« 
power  may  be  found  by  dividiog  the  weight  by  twice  tlio 
number  of  moveable  pulleys  plus  1. 

To  find  tbe  number  of  sheaves  or  pulleys  required.  Di- 
vide Ihe  pOAver  to  be  raised  by  tlie  power  lo  be  npidifd ; 
tbe  rjnotieiit  is  the  number  of  stieuvps  iu,  or  ronls  iilliiclicil 
to  tbe  risiu?  block. 

To  find  the  weight  that  will  be  balanced  by  a,  glren 
power. — When  the  rope  is  attached  to  the  (Ixeii  block,  tnul- 
tiply  the  power  by  Iwiee  the  number  of  movcnhlc  ))iill(iy», 

\Vhen  the  rope  is  atlufbed  to  tbe  movenhlo  blork  (iiiilll- 
ply  the  power  by  twice  the  number  of  movoahlo  puljeyi 
plos  1. 
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The  Lacliiied  Plane. 

The  iaclined  plane  (Fig,  77)  is  properly  the  second  ele- 
mentary jwwer,  auU  may  be  defined  tbe  lifting  of  a  load 
by  regular  instalments.  In  principle  it  consists  of  any 
right  line  not  eoineiding  with,  hut  laying  in  a  sloping  di- 
rection to,  tliiit  of  the  horizon;  the  standarr)  of  compari- 
son  of  which   eomaioniy   consists  in   referring   the   rise  to 


so  many  parts  in  a  certain  length  or  distance,  as  1  in  lOfl, 
1    in   200,   ell'.,   the    first    number  representing   the   peqien- 
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To  find  the  height  of  the  inclined  plane.— Mnltiply  ths 
power  by  the  slant  length,  and  di\'ide  by  the  weight. 

To  find  the  aUnt  length  of  the  inclined  plane.— Multiply 
the  weight  by  the  height  of  the  plane,  and  divide  by  the 
power. 

Let  W  be  the  weight  to  be  drawn  up  the  inclined  plane, 
H  the  height  and  S  the  slant  length  of  the  incline.    If  J 
be  the  power  required  to  draw  the  weight  W  up  the  in 
ciined  plane,  then 


_WXH 

8 


W= 


PXS 


H= 


PXS 


W 


S=v'L«+H» 


The  Wedge. 

The  wedge  is  a  double  inclined  plane, 
consequently  its  principles  are  the  same. 
Wien  two  bodies  are  forced  asunder  by 
means  of  the  wedge  in  a  direction  parallel  to 
its  head :  Multiply  the  resisting  power  by 
half  the  thickness  of  the  head  or  back  of 
the  wedge,  and  divide  the  product  by  the 
length  of  one  of  its  slant  sides.  The  quo- 
tient is  the  force  required  equal  to  the  re- 
sistance. 


Fig.    78. 


F=Force  required.     P=Resisting  power. 


PXH 


FX25 


^"-^     P=^"  (Fig.  78.) 
S=Slant  side  of  wedge=-v/ 


4 


When  only  one  of  the  bodies  is  moveable,  the  whole 
breadth  of  the  wedge  is  taken  for  the  multiplier,  and  the 
following  rules  are  for  such  wedges,  acting  under  pressnie 
only  on  the  head  of  the  wedge,  or  at  the  point  of  th.e 
wedffe  by  drawing. 
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To  find  the  transverse  resistance  to  the  wedge  oi  weight. 

—Multiply  the  power  by  tlie  leiiftth  of  the  shint  tide  of  the 
wedge,  unit  divide  hy  the  breadth  of  tlie  head. 

To  find  the  power. — Multiply  the  weiglit  or  transverse 
resistance  by  the  bread  I  h  of  the  head  and  divide  by  the 
letipth  of  the  slnnt  side  of  the  wcdwe. 

To  find  the  length  of  the  slant  side  of  the  wedge.— 
Multiply  the  weight  by  the  breadlli  of  the  wedge  and  di- 
vide Ijy   the  power. 

To  find  the  breadth  of  the  wedge.— Mtiltiply  the  power 
by  the  leniith  i>f  I  lie  slant  side  of  the  wed?e,  and  divide 
by  the  weijjrht. 

r=  Force  required.     P=  Resisting  power. 

« P^H     ^ FXS     ,  . 

S   '  ^~  '^' 


S=S!ant  side  ol  wedge=v'H^+ti* 

Note.— For  nil    |irae Ileal    purposes   the  length    L  may  bt 
used  instead  of  the  slant  length  S  of  the  side. 
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of  onifoim  inclination,  each  revolution  producing  a  riM 
or  traverse  motion  equal  to  the  pitch  of  the  screw,  or  dis- 
tance between  two  consecutive  threads.  The  pitch  being 
the  height  or  angle  of  inclination,  and  the  circumference 
the  length  of  the  plane  when  a  lever  is  not  applied.  The 
lever  being  a  necessary  qualification  of  the  screw,  the  eir- 
de  which  it  describes  is  taken,  instead  of  the  screw's  eir- 
enmference,  as  the  length  of  the  plane,  the  mechanical  ad- 
vantage is  therefore  as  the  circumference  of  the  circle 
deseribed  by  the  lever  where  the  power  acts,  is  to  the 
pitch  of  the  screw,  so  is  the  force  to  the  resistance. 

As  the  circumference  of  a  circle  is  equal  to  the  radius 
multiplied  by  twice  3.1416,  or  6.2832,  hence  the  following 
mlee  for  the  screw. 

To  And  the  power.— Multiply  the  weight  by  the  pitch  of 
the  screw  and  divide  by  the  product  of  the  radius  of  the 
handle  by  6.2832. 

To  find  the  weight.— Multiply  the  power  by  the  product 
of  the  radius  of  the  handle  by  6.2832  and  divide  by  the 
pitch  of  the  screw. 

To  find  the  pitch  of  the  screw.— Multiply  the  power  by 
the  product  of  the  radius  of  the  handle  by  6.2832  and  di- 
vide by  the  weight. 

To  find  the  length  or  radlns  of  the  handle.— Multiply  the 
weight  by  the  pitch  of  the  screw  and  divide  by  the  prod- 
uct of  the  power  by  6.2832f. 

P=Lifting  power  of  jack.    Bc=Length  of  lever. 
P=Force  required  at  end  of  lever. 
H=Nnmber  of  threads  per  inch  of  jack  screw. 


P»-«.283(NXBXD 
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6.283  (BXF)  6.283  (NXF) 
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The  Safety  ValTe. 

S&fet;  ValTes.  In  ordei-  to  iiad  the  weight  to  be  placed 
im  the  end  of  a  safety  ralve  lever  to  balanee  a  given 
pressnre  of  steam  on  the  valve,  it  is  necessary  to  ascertain 
the  load  on  the  valve  due  to  the  weight  of  the  lever.  The 
leverage  with  which  the  weight  of  the  lever  acts  is  meas- 
uii'd  by  the  distance  of  it*  ceuter  of  gravity  from  the  ful- 
crum. The  center  of  graiity  niay  be  found  by  balancing 
the  lever  on  a  kuife  edge,  and  the  weight  of  the  lever  and 
valve  may  be  obtained  by  weighing  tliem. 

In  Vig.  SI.  W  is  the  weight  at  the  end  of  the  lever,  L  is 
(tie  distance  between  the  weight  and  the  fnlcrum,  G  is  the 
distance  of  center  of  snravity  of  the  lever  from  the  ful- 
i-rniu.  R  is  the  distance  between  tlie  center  of  the  valve  V 
tud   tbc  fulcrum. 
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Subtract  B  from  A,  multiply  the  remainder  by  the  di^ 
tance  between  the  center  of  the  valve  and  the  fulcrum, 
and  divide  by  the  distance  between  the  weight  and  the 
fulcrum,  the  quotient  will  be  the  weight  to  place  on  the 
valve. 

To  find  the  pressure  on  the  valve  in  pounds  per  square 
inch  above  the  atmosphere.  Multiply  the  weight  of  the 
lever  by  the  distance  of  the  center  of  gravity  of  the  lever 
from  the  fulcrum,  and  call  the  product  C. 

Multiply  the  distance  between  the  weight  and  the  ful- 
crum by  the  weight  at  the  end  of  the  lever,  and  call  the 
product  D,  add  C  to  D,  divide  by  the  distance  between 
the  center  of  the  valve  and  the  fulcrum,  and  add  the 
weight  of  the  valve  to  the  quotient,  then  divide  by  the  area 
of  the  valve  V;  the  quotient  will  be  the  steam  pressure 
in  pounds  per  square  inch,  at  which  the  valve  will  rise. 

To  find  the  length  of  lever,  or  distance  between  the 
weight  and  the  fulcmm.  Multiply  the  pressure  of  the 
steam  in  pounds  per  square  inch  above  the  atmosphere  by 
the  area  of  the  valve  V,  and  call  the  product  E. 

Multiply  the  weight  of  the  lever  by  the  distance  of  the 
center  of  gravity  of  the  lever  from  the  fulcrum,  divide  by 
the  distance  between  the  center  of  the  valve  and  the  ful- 
crum, and  add  the  weight  of  the  valve  to  the  quotient, 
and  call  the  result  F. 

Subtract  F  from  E,  multiply  the  remainder  by  the  dis- 
tance between  the  center  of  the  valve  V,  and  the  fulcrum, 
and  divide  by  the  weight  at  the  end  of  the  lever,  the  quo- 
tient will  be  the  distance  between  the  weight  and  the  ful- 
crom. 

Counterbalanced  safety-valve  levers.    If  the  lever  be  pro- 
longed beyond   the   fulcrum,   and  provided   with   a   weight 
sufficient  to  balance  the  weight  of  the  lever,  valve,  and  con- 
aections,  the  rules  become  simplified,  and  are  as  follows: 
To  find  the  weight  to  be  placed  on  the  lever.    Multiply 
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the  presBore  in  ponniU  per  square  inch  above  th«  atmos- 
phere by  the  area  of  the  valve  V,  atui  by  the  (ii£taii(?e  be- 
tween the  ceatt^r  of  the  valve  asd  the  folcrum,  aad  divide 
by  the  <ii»tanee  bpnveen    the  wei^t  Mid  the  t'ulenim. 

To  find  the  len^h.  of  lever  or  distance  between  the* 
ireight  and  the  fnkntJiL  Uoltiply  the  presiiure  in  pounds 
per  aqaare  inch  aboTe  the  atmosphere  by  the  area  of  the 
T*Ive  Y,  and  by  the  distance  between  the  center  of  the 
Tslve  and  the  fulcrum,  and  divide  by  the  weight  at  the 
end  of  the  lever 

To  &idtbe  pressure  on 
the  valTe  in  pounds  per 
iqoar*  inch  abore  the 
atmosphere.  Multiply  the 
weight  at  the  end  ot  the 
lever  by  the  distance  be- 
tween the  weight  and  the 
fuloram,  »nd  divide  by 
the  product  of  the  area 
ol  the  valve  V  by  the  dia- 
tanee  between  the  center 
of  I  be  valve  and  the  ful- 
crum. 

Safety-valve  -with  spring 
balance.  When  the  valve 
V  is  held  down  by  a  spring, 
the  lever  is  generally  dis- 
pensed with  afl  shown  in 
Fig.  82. 

Oravity  and  the  Velocity  of  FalUng  Bodies. 
Gravity  is  the  action  of  universal  attraction  which  draws 
all  biidic-i  (dwiirds  ench  other,  nnd  by  which  bodies  on  the 
•urfncc  of  the  earth  are  drawn  towards  its  centre.  The 
HnM  wbleh  a  frillitig  body  describes,  or  the  direction  of 
(frnvily,   in   called    the   vertical  line,   the   eurvatore  of  the 
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earth  being  quite  unappreciable  for  small  distances.  Grav- 
ity is  considered  to  act  in  parallel  lines,  and  its  direction 
itt  indicated  by  the  plumb-line. 

The  center  of  gravity  is  that  point  in  a  body  or  Bystem 
of  bodies  oo  whieli,  if  tested  or  suspended,  the  whole  will 
.  remain  in  a  state  of  rest.  Thus,  if  a  wall  or  other  struc- 
ture be  raised  perpendicular  to  the  base,  it  will  remain 
secure  whilst  in  that  state,  but  if  the  foundation  be  not 
sufficiently  solid  and  allow  it  to  depart  so  far  from  the 
vertical  position  that  the  center  of  gravity  overhangs  the 
edge  of  the  base,  the  structure  must  fall  unless  the  parts 
*-Cai>*lfOTBd  anchored  together. 

The  center  of  gravity  of  a  cylinder,  prism,  or  any  other 
body,  the  parallel  sections  of  which  are  equal,  is  in  the 
middle  of  the  axis  of  that  body. 

In  a  cone  or  any  other  pyramid,  the  distance  of  the  cen- 
ter of  gravity  from  the  base  is  one-fourth  of  the  axis. 

In  a  hemisphere  the  distance  of  the  center  of  gravity  is 
three-eighths  of  the  radius  from  the  center. 

Force  of  gravity  or  gravitation  is  an  accelerated  velocity 
which  heavy  bodies  actpsire,  in  falling  freely  from  a  state 
of  rest.  Thus  the  velocity  that  a  body  will  acquire  in  one 
second  of  time  equals  32.2  feet,  the  distance  fallen  being 
16.1  feet;  and  if  the  times  or  seconds  be  ia  an  arithmeti- 
■cal  ratio,  as  1,  2,  3,  4,  etc.,  the  spaces  fallen  through  will 
be  successively  as  the  numbers  1,  3,  5,  7,  etc.,  and  the  to- 
tal space  passed  through  as  the  geometrical  progression, 
I,  4,  9,  16,  etc.  The  velocity  is  32.2  feet  multiplied  by  the 
number  of  seconds  in  falling  from  rest,  and  the  square  of 
the  velocity  is  equal  to  twice  32.2  times  the  space  fallen 
through.  The  space  fallen  through  is  equal  to  16.1  multi- 
plied by  the  square  of  the  number  of  seconds. 

Weight  is  the  force  apparent  when  gravity  acts  upon 
mass.  Masa  is  matter  without  reference  to  weight.  When 
mass  or  matter  is  prevented  from  moving  under  the  stress 
of  gravity,  its  weight  can  be  appreciated. 


33V^»V 
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39.0152  inches. 
39.1393  inches. 
39.1555  inches. 
39.1286  inches. 
39.1011  inches. 
39.0263  inches, 
39.2033  inches. 

or     OSCILLATIOK, 


will  at  that  place  increase  the  velocity  of  the  descent  of  • 
falling  body  in  each  second  of  time. 

The  space  through  which  a  hody  will  fall  dnring  the 
time  of  one  vibration  of  a  pendulum  vibrating  seconds,  is 
to  half  the  pendulum's  length  as  the  square  of  the  circum- 
ference of  a  circle  is  to  the  square  of  its  diameter. 
The  length  of  a  Pendulum  to  ribrate  Seconds,  or  6ixt7 
Times  in  a  Minute. 

At  the    Equator,    equals 

In  the  latitude  of  London 

In  the  latitude  of  Edinburgh 

In  (he  latitude  of  Paris 

In  the  latitude  of  New  York 

In  the  latitude  of  Madras 

In  the  latitude  of   Greenland 

SPEOIFIC     GRAVITY,     OENTEE 

CENTRirUOAL   TORCE,  ETC. 

Bpedflc  (Jravity.  The  comparative  density  of  various 
substances  is  expressed  by  the  terra  specific  gravity,  which 
affords  the  means  of  readily  determining  the  hulk  from  the 
known  weight,  or  the  weight  from  the  known  bulk.  This 
is  found  especially  useful  in  cases  where  the  substance  h 
too  large  to  admit  of  being  weighed,  or  too  irregular  in 
shape  to  allow  of  correct  measurement.  The  standard  with 
which  all  solids  and  liquids  are  thus  compared,  is  that  of 
distilled  water,  one  cubic  foot  of  which  weighs  1000  ounces 
avoirdupois.  The  specific  gravity  of  a  solid  body  is  deter- 
mined by  the  diflference  between  its  weight  in  the  air  and 
ill  water.  Thus:  If  the  hody  he  heavier  than  water,  it 
will  displace  a  quantity  equal  to  its  own  hulk,  and  will 
lose  8B  much  weight  on  immersion  as  that  of  an  equal  bulk 
of  the  water.  If  the  body  be  weighed  first  in  the  air,  and 
then  in  the  water,  and  ila  weight  in  the  air  be  divided  by 
the  diflference  between  the  two  weights,  and  the  quotient 
will  he  its  specific  gravity,  that  of  water  being  unity. 

U  the  body  be  lighter  than  water,  it  will  float,  and  difi- 
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place  a  quantity  of  the  water  equal  to  it  in  weight,  the 
bulk  of  which  will  be  equal  to  that  only  of  t!ie  part  Jtn- 
mersed.  A  heavier  substance  must  therefore  be  attached 
to  it,  so  that  the  two  may  sink  iu  the  flitid.  Then  the 
weight  of  the  lighter  substance  in  the  air  must  he  adtlett 
to  that  of  the  heavier  aubstaneo  in  water,  and  the  weight 
of  both  united  in  wafer  be  subtracted  from  the  sum;  the 
weight  of  the  lighter  body  in  (he  air  must  then  he  divided 
by  the  diflferenee,  and  the  quotient  will  be  the  apecifJe  prav- 
ity  of  the  lighter  substance  required. 

The  specific  gravity  of  a  fluid  may  b«  determined  by 
taking  a  solid  body,  heavy  enough  to  sink  in  the  fluid,  and 
of  known  specific  gravity,  and  weighing  it  both  iu  the  qir 
and  in  the  fluid.  The  diflferenee  between  the  two  weights 
must  be  multiplied  by  the  specific  gravity  of  the  solid 
body,  and  the  product  divided  by  the  weight  of  the  polid 
in  the  air,  the  quotient  ivill  be  the  specific  gravity  of  the 
fluid,  that  of  water  being  unity. 


Tablx  No,  6. — Specific  Gravity  and  Weight  per  Cubic    | 

Toot  of  Metals. 

1 

Spe- 

Wt.ili 

S)ie- 

Wt.in 

UeUl 

Gmv- 

LbB, 
per 

UcM 

clttc 
Hmv- 

Llis, 
Iter 

Ity. 

Cu.tt 
162 

Ity. 

535 

Aluminum 

2592 

Gun  Metal 

8560 

Antinnony 

6704 

418 

Iron — Cast 

7200 

450 

Bismuth 

9808 

613 

"  — Ma'lble 

7360 

460 

Bra«8— Cast 

8064 

504 

"  —Wrought 

7680 

480 

'•    —Sheet 

8160 

610 

lycatl 

11360 

710 

Bronie — Aluminum 

8O0O 

500 

Nickel 

8273 

517 

"     — Fhoaphor 

8480 

530 

Platinum 

20976  IS  13 

Cadmium 

8608 

638 

Silver  (pure) 

10480    655 

(Copper — Cast 

8672 

543 

Steel— Cast 

7776    486 

8768 

548 

"  —Mild 

7840    490 

"     —Wire 

8768 

548 

Tin,  Cast. 

7296    456 

Gtdd  (pure) 

19254 j 1204 

Zinc,  Cast, 

7008    438 

J 


min  iM^msmm 
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Tabt.r  No.  8— Specific  Gravity  and  Weight  per  Oubic  | 

Foot  of  Liqnida. 

liquid. 

Spedflc  Gravity. 

Weight  In  T,bH. 
per  Cubic  Foot. 

Alcohol — C!oinineTcial 

5U 

"       —Absolute 

797 

49.8 

Add — Muratic 

1200 

75 

"  —Nitric 

1216 

76 

"  — Snlphurio 

1856 

116 

Ether — Nitric 

908 

68 

"    — Muratio 

730 

45.6 

Oil — Linseed 

941 

.      58.8 

^'  —Olive 

914 

57.1 

"  —Whale 

923 

57.7 

Petroleum — Crude 

880 

65 

Spirit— Proof 

922 

57.5 

••    -^IWine 

830 

51.9 

Tar— Gas 

1008 

62 

"  —Wood 

992 

63 

Turpentine 

864 

54 

Watei^-Distilled 

997 

62} 

"    —Sea 

1024 

64 

The  Centre  of  Oscillation  is  a  certain  point  in  a  vibrating: 
body  into  which  all  its  force  is  collected,  and  at  which,  if 
an  obstacle  be  applied,  motion  will  instantly  cease.  The 
most  simple  means  by  which  to  ascertain  the  centre  of 
oscillation  in  a  compound  pendulum,  is  to  suspend  a  small 
ball  by  a  fine  thread  in  front  of  that  in  which  the  centre 
of  oscillation  is  required,  then  to  lengthen  or  shorten  the 
thread  until  the  vibrations  of  each  .ire  alike,  then  stop  both 
and  let  them  hang  freely.  Opposite  the  centre  of  the  ball 
is  the  centre  of  oscillation. 

Specific  Gravity  of  Bodies. 

As  one  cubic  foot  of  fresh  water  at  62  degrees  Fahren- 
heit, weighs  1000  ounces  avoirdupois,  it  (1000)  is  therefore 
adopted  as  the  standard  of  comparison  to  which  the  densi- 
lies  of  other  bodies  are  referred. 
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Table  No.  9— 

-  Comparative  Weights  of  Different 

Metals 

,  etc. 

Cast  Ikox= 

=1. 

Gvn  Metal=1 

, 

Wrought  Iron  . 

.     1.049 

Cast  Iron      .     .     . 

.829 

Stt*I      .... 

.  1.080 

Wrought  Iron     ,     , 

.879 

Hrass  .... 

.      l.lfiO 

Steel  

.898 

Copper  .... 

.  1.219 

Brass 

.968 

Outi  Metal    ,     . 

.      1.209 

Copper    ,     .     ,     . 

1.001 

Lead      .... 

.  1.560 

Lead 

1.296 

Wrought  1ron=1,        1 

C0PFKB=1. 

Cast  Iron      .     . 

.95 

Cast  Irun 

.831 

i^U'fil      .... 

.  1.U26 

Wrought  Iron      .     . 

.868 

Brass  .... 

.     1.097 

Steel 

.888 

fJun  Metal      ,     , 

.  1.150 

BraHB 

.949 

Copper     .     .     . 

.     1.152 

Gun  Metal    .     ,     . 

.998 

Lead      ■     .     ,     , 
8teel=1 

.    1.500 

1.298 

White  Metal= 

=1, 

Ca«t  Iron      .     . 
>  Wrouslit  Iron 

.929 

Cast  Iron      .     .     . 

.793 

.     .974 

Wrought  Iron 

.814 

^^Mlr^is^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

.     1.071 

Steel   

.846 
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Oentrifngal  force  signifies  the  tendency  that  bodies  ao- 
qoire,  by  velocity  of  circular  motion,  to  fly  oflf  in  a  tangen- 
tial line  from  the  centre  of  revolution,  the  amount  of  ten* 
deney  being  as  the  square  of  the  velocity  of  the  body  in 
motion.  Multiply  the  square  of  the  number  of  revolu- 
tions per  minute  by  the  radius  of  the  circle  in  feet,  by 
the  weight  of  the  body,  and  by  .000331.  The  product  is 
the  centrifugal  force  in  terms  of  the  body's  weight. 

Centripetal  force  is  that  force  by  which  a  body  would 
tend  to  the  centre  of  motion,  if  not  urged  from  it  by  cen- 
trifugal force.  The  balls  of  the  governor  of  a  steam- 
engine  conspicuously  indicate  this  force  when  the  velocity 
of  the  engine  is  becoming  reduced  by  over  resisting  force, 
or  by  a  scant  supply  of  steam. 

The  Centre  of  gyration,  in  a  revolving  body,  is  a  cer- 
tain point  into  which  the  whole  momentum  of  the  mass  is 
concentrated,  and  from  which  point  the  greatest  amount  of 
effective  energy  is  transmitted.  Any  point  in  the  circum- 
ference of  a  circle,  whose  radius  is  the  distance  of  the 
centre  of  rotation  from  the  centre  of  gyration,  is  equally 
entitled  to  be  called  a  centre  of  gyration.  The  radius  of 
this  circle  is  the  radius  of  gjrration. 

To  find  the  distance  of  the  centre  of  gyration  from  the 
centre  of  revolntion.  Multiply  the  amount  of  acting  force, 
the  distance  at  which  it  is  applied  from  the  centre  of  revo- 
lution, by  the  time  of  revolution  observed  in  seconds,  and 
by  32.2  and  divide  the  product  by  the  weight  multiplied  by 
its  velocity,  and  the  quotient  is  the  distance  from  the 
centre  of  motion  to  the  centre  of  gyration. 

Homentnm,  or  quantity  of  motion,  signifies  the  product 
of  the  moving  weight  multiplied  by  the  velocity,  and  is 
usually  estimated  in  pounds,  moving  at  the  given  velocity 
in  feet  per  second.  A  body  weighing  10  pounds  and  mov- 
ing at  the  rate  of  10  feet  per  second,  has  a  momentum  of 
100. 
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Percussion.  The  quantity  of  work  stored  in  a  moving 
body  is  the  same  as  that  which  would  be  accuioulated  in 
it  hy  gravity,  if  it  fell  from  a  height  suflBcient  to  g^ve  it 
the  same  velocity.  The  effect  of  percussive  machines  is 
produced  by  expending  the  work  accumulated  in  the  strik- 
inff  iiody. 

Pile  driving.  In  a  pile-driving  machine,  with  a  ram 
wei!,'hinp  33G  pounds  and  10  feet  fall,  the  work  accumu- 
lated in  the  monkey  in  each  fall,  will  he  336  pounds  X  ^^ 
fee  1^^360  fnot-lbs.  If  this  work  be  expended  in  driving 
the  pile  1  inch  into  the  ground  the  force  exerted  will  be 
3360  foot-pounds  X  12  iuchea^40330  iwuuds. 

To  find  the  work  accnmnlated  in  a  moving  body  in  foot- 
pounds, Mullijily  the  weight  in  pounds  by  the  square  of 
the  velocity  in  feet  per  second,  and  divide  by  64.4. 

Level  properly  sifrnifies  points  equidistant  from  the  cen- 
tre (jf  the  earth  on  its  surface.  Any  level  taken  hy  an  instni- 
ment  is  only  a  tannenl  line  to  the  earth's  curvature,  and  U 
generally   termed   the  iipx)arent  level.     The  earth  is  nearl; 
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meraed  in  oil,  the  other  heing  inserted  in  and  supported 
by  the  tabe  through  which  the  fluid  is  conducted. 

FBIOTION. 
Filction  is  an  effect  produced  by  bodies  rubbing  one 
apon  another,  which  acts  as  a  retarding  influence  in  the 
motion  of  all  mechanical  devices,  but  might  be  considerably 
diminished  by  a  due  regard  to  its  laws,  and  a  proper  at- 
tention to  the  selection  of  materials  on  which  a  smooth 
snrfaee  may  be  attained,  and  which  are  least  liable  to 
wear  or  become  hot,  and  cause  a  roughness  to  arise  when 
in  working  contact. 

The  ordinary  theory  of  friction  may  be  briefly  stated  to 
be  as  follows:  When  no  lubricant  is  interposed,  the  fric- 
tion of  any  two  surfaces  is  directly  proportional  to  the 
force  with  which  they  are  pressed  perpendicularly  together, 
80  that  for  any  two  given  surfaces  of  contact,  there  is  a 
constant  ratio  of  the  friction  to  the  perpendicular  pres- 
8iire.  That  is,  a  double  pressure  will  produce  a  double 
amount  of  friction,  or  a  triple  pressure  a  triple,  amount. 

When  no  lubricant  is  interpwsed,  the  amount  of"  the  fric- 
tion is  in  every  case  wholly  independent  of  the  extent  of 
the  surfaces  in  contact,  so  that  the  force  with  which  two 
snrfaees  are  pressed  together  being  the  same,  their  frio- 
tion  is  the  same,  whatever  may  be  the  extent  of  their  sur- 
faces of  contact. 

When  lubricants  are  interposed,  the  amount  of  friction 
depends  more  upon  the  nature  of  the  lubricant  than  upon 
that  of  the  surfaces  of  contact,  and  the  nature  of  the 
Inbrieant  to  be  applied  must  be  governed  by  the  pressure 
or  weight.  The  consistency  of  a  lubricant  should  be  such 
M  jnst  prevent  the  bodies  coming  into  contact  with  each 
other. 

The  friction  of  metals,  without  a  stratum  of  lubricant 
interposed,  varies  as  their  hardness,  the  harder  metals 
producing  less  friction  than  the  softer  ones. 
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Without  lubrieants,  and  within  the  limits  oE  32  pounds 
jiressnre  per  square  inch,  the  friction  of  hard  metal  upon 
hard  metal  may  be  estimated  at  alraut  one-sixth  of  the 
whole  jiressure. 

The  sliding  friction  of  plane  sorfaces  in  contact  is  in- 
creased by  heat,  and  is  diminished  by  polishing  and  eifieient 
lubrication;  and  it  is  less  in  motion  than  at  starting.  That 
portion  of  the  pressure  required  to  overcome  friction  is 
called  the  coeffieient  of  friction.  For  oak  and  other  woods, 
and  cast-iron  and  other  metals,  each  sliding  on  each  other, 
and  lubricated,  the  coeffieient  varies  according  to  tlie  ef- 
ficiency of  the  I  nbri  cation,  from  .0'/  to  .04  for  sliding  fric- 
tion. Rolling  friction  is  considerably  less  than  gliding 
frict  wn. 

The  friction  of  motion  was  formerly  considered  to  be 
wholly  iiidepemleiit  of  the  velocity  of  the  motion.  The  re- 
sults of  recent  exijeriments  show  that  the  resistance  of 
friction  increases  with  the  velocity,  and  that  the  coefficient 
of  friction  is  eslreniely   low,  amounting  in  some  cases  to 
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in  inches.  If  tliis  sum  which  may  be  called  the  trial  num- 
ber, is  greater  than  half  the  length  of  the  belt,  the  re- 
quired pulley  is  less  than  the  given  one,  but  if  less, 
then  the  required  pulley  is  the  greater.  In  both  of  these 
eases,  divide  the  difference  between  the  trial  number  and 
half  the  length  of  the  belt,  by  the  distance  between  the 
centres  of  the  shafts. 

When  ihe  required  pulley  is  less  than  the  given  one.  Take 
double  the  number  from  2.4674,  and  subtract  the  square 
root  of  the  remainder  from  1.5708,  and  call  the  difference 
A.  Multiply  the  number  A  by  the  distance  between  the 
centres  of  the  shafts,  and  the  remainder,  taken  from  the 
radius  of  the  large  pulley,  will  give  the  radius  of  the  less 
one. 

When  the  reanired  pulley  Is  greater  than  the  given  one. 
Add  double  the  number  to  2.4674,  and  from  the  square  root 
of  the  sum  subtract  1.5708,  and  ca'l  the  remainder  B. 
Multiply  the  number  B  by  the  distance  between  the  cen- 
tres of  the  shafts  and  the  product,  added  to  the  radius  of 
the  given  or  less  pulley,  will  give  the  radius  of  the  re- 
quired, or  greater  pulley. 

Oear  Wheels. 

Motion  is  in  many  cases  transmitted  by  means  of  gear 
wheels,  and  accordingly  as  the  driving  and  driven  are  of 
equal  or  unequal  diameters,  so  are  equal  or  unequal  veloci- 
ties produced. 

wien.  time  is  not  taken  into  acconnt.  Divide  the  greater 
•'♦'Jieter,  or  number  of  teeth,  by  the  lesser  diameter,  or 
jomber  of  teeth,  and  the  quotient  is  the  number  of  revo- 
lutions the  lesser  will  make  for  1  of  the  greater. 

Example:  How  many  revolutions  will  a  pinion  of  20 
teeth  make  for  1  of  a  gear  with  125  teeth? 

Answer:   125-f-20=6.25,  or  6i,4  revolutions. 

&itennediate    gears    of   any   diameter,   used   to   conneet 
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other  gears  at  any  required  distance  apart,  eause  no  varia- 
tion of  velocity  more  than  otherwise  would  result  if  the 
fii-st  am]  !:ist  fiears  wtre  in  mesh. 

To  find  the  number  of  revolntions  of  tbe  last,  to  1  of  the 
first,  in  a  train  of  gears  and  pinions.  Divide  the  product 
of  all  llie  teetii  in  the  driving  by  the  product  of  all  the 
teeth  iu  the  driven  gears,  and  the  quotient  will  equal  the 
ratio   of  velocity   required. 

Example:  A  pear  of  42  teetb  giving  motion  to  one  of 
12  (eelh,  on  which  shaft  is  a  pulley  of  21  inches  diameter, 
drivitio;  one  of  6  itirlies  diameter,  required  the  number  of 
revolutions  of  tlie  last  putley  to  one  of  the  first  gear. 

Answer:    {4Sfx21)-^(12X6)=12^,  or  12%  iBvolntions. 

Where  increase  or  decrease  of  velocity  is  required  to  be 
comniuniciited  by  gears,  it  has  been  demonstrated  that  the 
number  oE  teeth  on  the  pinion  should  not  be  less  than  1 
to  6  of  its  wheel,  unless  there  be  other  reasons  for  a 
hit'her  ratio. 
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fmaller  gear,  and  subtract  tlie  radius  thus  obtained  from 
the  distance  between  the  centres,  the  remainder  will  equal 
the   radius  of  the  other  t;ear. 

Example:  The  distance  of  two  shafts  from  centre  to 
centre  is  50  inches,  and  the  velocity  of  one  shaft  is  25 
revolutions  per  minute,  the  other  shafi;  is  to  make  80 
revolutions  in  the  same  time.  Required  the  proper  diam- 
eters of  the  gears  at  the  pitch  lines. 

Answer:      ^25=3.2,    the    ratio    of   velocity,    and    BO-5- 

(3.2+1)^11.9,    the    radius    of    the    smaller    wheel;       then 

pS'l  60-— ^(11.9X33.1)     the    radius    of    the    larger    gear.       Their 

diameters    are    therefore    11.9X2=23.8,    and    38.1X2=76.2 

inehes. 

To  obtain  or  diminish  an  accumulated  velocity  by  means 
of  geara  and  pinions,  or  gears,  pinions,  and  pulleys,  it  is 
necessary  that  a  proportional  ratio  of  velocity  should  exist, 
and  which  is  obtained  thus:  Multiply  the  given  and  re- 
quired velocities  together,  and  the  square  root  of  the 
product  is   tiie  mean  or  proportionate  velocity. 

Example:  Let  the  given  velocity  of  a  gear  containing 
54  teeth  equal  16  revolutions  per  minute,  and  the  given 
diameter  of  an  inteiinediate  pulley  equal  25  inches,  to  ob- 
tain a  veJocity  of  81  revolutions  in  a  machine.  Required 
the  number  of  teeth  in  the  intermediate  gear,  and  the 
diameter  of  the  last  pulley. 

Answer:  V81><1&=36  the  mean  velocitj',  (54X16)-=-36= 
24  lectiv,  and  (25X36)-j-81=ll.l  inches,  the  diameter  of 
the   pulley. 

Diametral  Fitch  System  of  Gears. 

The  Diametral  pitch  system  is  based  on  the  Dumber  of 
teeth  to  one  inch  diameter  of  the  pitch  circle.  Formulas 
an  herewith  given  so  that  if  the  number  of  teeth  in  the 
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the  diametral  piteli  are  known,  the  pitch  diameter 
^ar  may  he  found,  also  the  outside  diameter,  the 
depth   and   clearance   at   the  bottom  of  the  tooth. 
'.:    the   pitch   dinmeter   in   inches,  D  the   diametral 
the  gear,  C   the  circular  pitch   in   inches,  0   the 
liameter    in    inches,    T    the    thickness    of   the   tooth 
leh   line  in   inches,  W  the  working  depth  of  the 
inches,  and  N  the   numher  of  teeth  in  the  gear, 

= Pitch  diameter                  ^^TT                 ^^-^ 

=Outaide  diameter             —  P+|r          (2.)'-r*"j!  '  ^ 

D                     'f    J? 

=Di»metriil  pitch               — —  -     ~^      (8.) 

•M^, 
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example:  Wliat  is  the  outside  diameter  of  the  eame 
gear! 

Answer:  Prom  Formula  !?,  as  the  pitch  diameter  is  5 
inches  and  (he  diametral  pitch  4,  theu  4  plus  2-4  equals 
41/2  as  the  proper  outside  diameter  for  the  gear. 

Example:  What  shoidd  be  the  diametral  pitch  of  a  gear 
witL  30  teeth  and  G  inches  pitch  dianieterf 

Answer:  From  Formula  3,  30  dtvitled  by  6  squals  B,  as 
the  diametral  pit  eh  to  be  used  for  the  gear. 

Example:  Required  the  circular  pitch  of  the  teeth  of  a 
gear  whose  diametral  pitch  is  6. 

Answer;  From  Formula  4,  3.142  divided  by  6  gives 
0.524  inches  as  the  circular  pitch  of  the  teeth  of  the  gear. 

Example;  "iNHiat  should  be  the  working  depth  of  a  tooth 
of  4  diametral  pitch  f 

Answer:  From  Formula  5,  2  divided  by  4  gives  0.5  or 
one-half  an  inch  as  the  working  depih  of  the  tooth. 

Example:  How  many  teeth  are  there  in  a  gear  of  7 
inches  pitch  diameter  and  7  diametral  pitch  f 

Answer:  From  Formula  6  the  number  of  teeth  is  equal 
to  7  multiplied  by  7.  or  49  teeth  in  the  gear. 

Example:  What  is  the  thickness  at  the  pitch  line  of  a 
tooth  of  8  diametral  pitch  f 

Answer:  By  Formula  7  the  thickness  of  the  tooth  at  the 
pitch  line  is  1.571  divided  by  the  diametral  pitch,  then 
1.571-j-B  gives  0.196  inches  as  the  thickness  of  the  tooth. 

Example:  What  should  be  the  correct  clearanck  at  the 
botloni  of  a  tooth  of  3  diametral  pitch  t  \ 

Answer:  From  Formula  8  the  clearance  at  the  bottom 
of  the  looth  is  equal  to  0.157  dirided  by  3,  which  gives 
0.052  as   the  required   clearance. 

Table  No.  10  gives  the  dimensions  of  Involute  Toolh  Spur 
Gears  from  1  to  16  Diametral  pitch. 
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Tafile  No,  10 — Dimensions  of  Involute  Tooth  Spur 
Gears. 


Dilfcmetnil 

•  circular 
Plteti. 

Width  ot 
TaoOi  on 

WorUaK 
Depth  of 

Actual 
Depth  or 

Clearance 
at  Bottom 

Pitch  lice. 

Tooth. 

Tooth. 

ol  Tooti). 

1 

3.142 

1.671 

2.000 

2.157 

0,157 

2 

1.671 

0.785 

1.000 

1.078 

0.078 

3 

l.(M7 

0.624 

0.667 

0.719 

0.052 

4 

0.785 

0.393 

0.500 

0.639 

0.039 

6 

0.628 

0.314 

0.400 

0.431 

0.031 

6 

0.524 

0.262 

0.333 

0.360 

0.026 

7 

0.447 

0.224 

0.286 

0.308 

0.022 

8 

0.393 

0.196 

0.250 

0.270 

0.019 

10 

0.314 

0.157 

0.200 

0.216 

0.016 

13 

0.262 

0.131 

0.167 

0.180 

0.013 

14 

0.224 

0.112 

0.143 

0.154 

o.oi: 

16 

0.19G 

0.098 

0.125 

0.135 

0.009 

be  fouml  liy  dividing;  ihe  couatatit  ^.1416  b^  the  diainetml  ultcli. 


0 
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steam  contains  heat  which  is  sensible  to  the  thermometer, 
and  also  a  quantity  of  heat  of  which  the  thermometer  af- 
fords no  indication,  which  is  therefore  called  latent  heat, 
hence,  the  vapor  rising  from  water  contains  more  heat  than 
the  water.  In  proof  of  the  existence  of  latent  heat,  if  one 
part  by  weight  of  steam  at  212  degrees,  be  mised  with 
nine  parts  of  water  at  62  degrees,  the  result  is  water  at 
178.6  degrees,  therefore,  each  of  the  nine  parts  of  water 
has  received  from  the  steam  116.6  degrees  of  heat,  and  con- 
sequently the  steam  has  diffused  or  given  out  116.6X9= 
1049.4 — 33.4=1016  degrees  of  heat  which  it  must  have  con- 
tained. Again,  if  one  gallon  of  water  be  transformed  into 
steam  at  212  degrees,  and  if  that  steam  be  mixed  with 
water  at  52  degrees,  the  whole  will  be  raised  to  the  boiling 
point,  or  212  degrees.  From  experiments,  it  is  ascertained 
that  the  latent  heat  in  steam  varies  from  940  degrees  to 
1044  degnrees,  the  ratio  of  accumulation  advancing  from  812 
degrees,  as  the  steam  becomes  more  dense  and  of  greater 
elastic  force. 

The  latent  heat  in  steam  makes  it  useful  for  heating, 
boiling  and  drying  purposes.  In  the  heating  of  buildings, 
it  is  applied  with  economy,  efficiency,  and  simplicity.  The 
steam  becomes  condensed  during  its  circulation  round  the 
building,  through  the  pipes  of  the  heating  apparatus,  th^ 
latent  heat  being  thus  given  to  the  pipes  and  diffused  by 
radiation.  In  boiling,  its  eflBciency  is  considerably  in- 
creased, if  advantage  be  taken  of  sufficiently  enclosing  the 
fluid  and  reducing  the  pressure  on  its  surface  by  means 
of  an  air-pnmp ;  thus,  water  in  a  vacuum  boils  at  about  a 
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temperature  of  98  degrees,  and  in  sugar-reflning,  where  sucli 
means  are  employed,  tlie  syrup  is  boiled  at  150  degrees. 

To  calculate  the  amount  of  advantage  gained  by  nsing 
Bteam  expansively  in  a  steam  engine. 

Wben  steam  of  a  uniform  force  tlirougbout  the  whole 
lengfh  of  stroke  of  the  piston  is  used,  the  amount  of 
elTcfl  proiiucetl  is  as  the  quantity  of  steam  expended.  But 
let  file  steam  be  shut  off  at  any  portion  of  the  stroke,  flay 
at  one  lialf,  it  expands  by  degrees  until  the  termiaatioti  of 
the  stroke,  and  then  eserts  half  its  original  I'orce. 

Divide  the  length  of  the  stroke  by  the  distance  or  space 
into  whieli  the  boiler  steam  is  admitted,  and  find  the 
natural  logarithm  of  the  quotient,  to  which  add  1^  and  the 
sum  i.^!  the  ratio  of  the  gain. 

Example:  An  engine  with  a  stroke  of  6  feet  has  the 
stenm  cut  off  when  the  piston  has  moved  through  2  feet. 
Required  the  ratio  of  gain  by  uniform  and  expansive  force. 

Answr:  (iH-2=J.  From  Table  No.  11  the  natural  logarithm 
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Tablx  No.  11— Work  Done  by  Steam  Dnring 
Admisaion  ud  Expansion. 

Point  o(  Cut  Off. 

Bmtioof 

EzpansioD 

-B 

Work  done 

durloK 
Admiasion. 

Work  done 

during  ex  pan* 

■ion  —  nat. 

lOK.B. 

Total  work 
done. 

Cut  oOatl  stroke 
Cut  off  at  i  stroke 
Cut  off  at  i  stroke 
Cut  off  at  i  stroke 
Cut  oS  at  i  stroke 
Cut  ofi  at  i  stroke 
Cut  ofi  at  \  stroke 
CutofiatiV  stroke 

u 

2 
8 
4 
5 
8 
9 
10 

0.262 

0.693 
1.098 
1.386 
1.609 
2.079 
2.197 
2.302 

1.262 
1.693 
2.098 
2.386 
2.609 
3.079 
3.197 
3.302 

The  exact  proportion  is  1:2.098 

If  the  steam  had  been  admitted  at  its  initial  pressure 
throughout  the  whole  stroke,  three  times  the  weight  of 
steam  would  have  been  used,  and  the  proportion  of  the 
work  done  in  the  two  cases,  supplying  steam  throngh  the 
whole  length  of  the  stroke,  or  cutting  off  at  one-third  and 
expanding,  would  be  as  3  to  2.098,  in  other  words,  to  get 
half  as  much  more  work  out  of  the  engine,  three  times  the 
weight  of  pteam,  and  therefore  also  weight  of  fuel,  will 
be  consumed  in  the  first  case  as  compared  with  the  second. 

Condensation  of  steam  is  generally  effected  by  cold 
water,  the  quantity  of  which  may  be  estimated  by  the  fol- 
lowing rule.  From  1000  plus  the  temperature  of  the  steam, 
subtract  the  required  temperature  of  the  condensed  water, 
divide  the  remainder  by  the  temperature  of  the  condensed 
water  minus  the  temperature  of  the  cold  or  condensing 
water,  and  the  quotient  will  equal  the  number  of  tines  that 
the  quantity,  for  condensation,  must  exceed  that  by  which 
the  steam  is  formed. 

£zample:   Required  the  ratio  or  quantity  of  water  for 
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condensation  to  1  of  water  for  the  formation  of  steam, 
the  tem]ieratur(?  of  the  steam  beitjfcr  220  degrees  and  the 
required    tempeniture  n(  wmdenBed  ivattr  18  degrees. 


Answer: 


(10QO+22U)— 180 
180—52 


=8  times  the  quantity. 


Pressure   and  Expansion  of  Steam. 

The  pressure  of  steatn  is  equal  in  all  directions,  and  it 
is  usual  to  measure  the  pressure  with  reference  to  that  of 
the  atmosphere,  which  is  equal  to  14.7  pounds  per  square 
iuch  (if  surface,  and  is  the  measure  of  one  atmosphere  of 
pressure.  Vapors,  of  which  steam  is  one,  do  not  follow  the 
law  of  pennanent  gases,  according  to  wliich  the  volume 
of  a  given  weight  is  inversely  as  the  pressure.  It  has  been 
demonstrated,  on  the  contrary,  that  there  exists  a  constant 
relation  between  the  pressure,  the  density,  and  the  tem- 
perature of  steam,  such  that  the  pressure  cannot  be  raised 
above  a  given  maximum,  without,  at  the  same  time,  a  cer- 
tain  elevation   of  temperature. 

Volume  and  Pressure  of  Steam.  If  the  volume  be  forci- 
bly rciluced,  arid  the  vapor  eompressed,  without  any  change 
of  temperature,  the  compression  has  not  the  effect  of  aug- 
menting the  pressure,  as  would  happen  if  air  was  similarly 
treated,  it  only  results  in  liquefying  a  portion  of  the 
steam,  according  as  the  volume  is  reduced,  so  that  the 
voliune,  however  reduced,  will  only  contain  so  much  pro- 
portionally the  less  of  steam  of  the  original  pressure.  In 
order  to  increase  the  pressure,  the  temperature  must  be 
raised. 

Point  of  Saturation  of  Steam.  When  the  vapor  has  at- 
tained the  limit  of  density  and  pressure,  correspojiding 
to  (he  temperature,  the  sfeani  is  said  In  he  saturated,  and 
it  is  always  in  the  state  of  saturation  when  in  contact  with 
■water.     For   one   pressure    there    is   one   density   and    one 
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temperature,  and  the  higher  the  pressure,  the  greater  is  the 
density  and  the  higher  is  the  temperature. 

Bxpusion  of  Steam.  When  a  quantity  of  steam  is 
placed  out  of  contact  with  water,  as  in  the  cylinder  of  a 
steam-engine,  it  may  be  expanded,  and  again  compressed  up 
to  the  limit  of  saturation,  and  it  will  follow  approximately, 
though  not  precisely,  the  law  of  Boyle  or  Mariotte,  that  is 
to  say,  the  pressure  is  nearly  in  the  inverse  ratio  of  the 
volume,  insomuch  that  when  the  volume  is  doubled,  the 
pressure  is  reduced  to  about  one-half,  and  when  the 
volume  is  trebled,  the  pressure  is  reduced  to  about  a 
third. 

Superheated  Steam.  Superheated  steam  is  amenable  to 
the  laws  of  permanent  gases,  and  behaves  as  one  of  them, 
expanding  and  contracting  in  the  inverse  ratio  of  the 
pressure,  when  the  temperature  is  constant,  without  the 
condensation  of  any  portion  of  it. 

Density,  PreBsnre,  and  Temperature  of  Steam.  It  fol- 
lows from  the  above,  that  one  density  and  one  pressure 
relative  to  one  temperature  are  attained  in  a  steam-boiler. 
These  several  qualities  are  in  equilibrium,  and  the  steam 
is  in  a  state  of  saturation.  That  so  long  as  the  state  of 
saturation  corresponding  to  a  given  temperature  is  not 
attained,  evaporation  continues;  and  when  attained,  evapo- 
ration ceases.  If  the  capacity  of  the  boiler  be  increased, 
evaporation  is  resumed,  until  the  state  of  saturation  is 
again  arrived  at.  Likewise,  if  the  temperature  be  in- 
creased, evaporation  is  resumed,  and  continues  till  the 
steam  again  becomes  saturated.  If  the  temperature  falls, 
the  pressure  and  the  density  fall  also.  If.  the  boiler  be 
closed,  and  the  steam  remain  at  the  same  temperature,  the 
conditions  remain  unchanged.  But,  if  an  opening  be  made 
for  the  outflow  of  steam,  the  pressure  will  fall,  and  evapo- 
ration will  be  recommenced,  until  saturation  is  re-estab- 
lished.    This  new  generation   of  steam   is  very  rapid,  so 


124  MACHINE  SHOP  PRACTICE 

njucfa  so  that  the  pressure  does  not  sensibly  vary  between 
and  during  the  charges  of  steam  taken  from  the  boiler  for 

each  stroke  of  the  piston. 

Flow  of  Steam. 

It  is  known  that  jrases  and  vapors  act  like  liquids  in 
flowing  through  tubes  and  orifices.  The  velocity  of  flow 
of  liquids  is  given  by  the  ordinary  formula  of  gravity; 
which  is 

V=v'3gh,  or  V=8v'h; 

in  whieh  V  is  the  velocity  in  feet  per  second,  g  the  velodty 
acquired  by  a  body  falling  from  a  state  of  rest,  at  the  end 
of  one  second,  bein;,'  32.2  feet  per  second,  and  h  the  height 
in  feet  through  which  the  body  falls.  The  velocity  acquired 
in  falling  tlirnugh  a  given  height,  is  equal  to  8  times  the 
square  root  of  the  height  in  feet,  the  product  being  the 
velocity  expressed  in  feet  per  second.  A  modification  of 
the  same  formula  is  applicable  for  calculating  the  flow  of 


PEOPERTIES  OP  STEAM 


126 


the  eolmnn  is  to  be  calculated.  The  head  is  expressed  by 
the  foimiila,  ll=(P — p)-r-a,  in  which  h  is  the  head  of 
height  of  the  eolumn,  P  and  p  are  the  total  pressures  per 
square  ineh  of  the  gas  and  the  medium  into  which  it  flows, 
and  d  is  the  density  or  weight  of  a  prism  of  the  gas,  one 
ineh  sqnare  and  one  foot  high. 

The  application  of  the  formula  for  gravity  is  limited  to 
eases  in  which  the  resisting  pressure  does  not  exceed 
about  58  per  cent,  of  the  absolute  pressure  which  causes 
the  flow.  The  flow  is  neither  increased  nor  diminished  by 
reducing  the  resisting  pressure  below  about  58  per  cent,  of 
the  absolnte  pressure  in  the  boiler.  For  example,  the  same 
weight  of  steam  would  flow  from  a  boiler  under  a  total 
pressure  of,  100  pounds  per  square  inch  into  steam  of  58 
pounds  total  pressure,  as  into  the  atmosphere. 

Velocity  of  Efflux  of  Steam.  The  following  are  a  few 
examples  of  the  velocity  of  efflux  of  steam  of  absolute 
pressure,  varying  from  25.37  pounds  to  100  pounds  per 
square  ineh,  into  the  atmosphere,  the  velocity  being  cal- 
culated as  for  steam  of  the  initial  density,  unexpanded. 


ToUl  Preisure  ta_Pound«  per  «luare|veioclty  of  Efflux  In  Feet  per  secoud. 


25  87 
80 
45 
60 
75 
100 


863 
867 
877 
885 
891 
898 


Velocities  thus  calculated  in  terms  of  simple  pressure 
and  density,  are  of  course  greater  than  are  arrived  at  in 
practice,  as  ''here  are  sundry  hindrances  to  the  flow  of 
(team  in  steam-en^nes.  There  is,  however,  ample  margin, 
and  in  well-constructed  engines  the  speed  of  the  actual 
How  of  steam,  though  much  b'low  what  it  would  attain  if 
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the  flow  were  free,  is,  n?v,rth->les3,  sufficiently  rapid  for 
the  proper  peifo:mnnee  of  t!:e  st:am  in  passing  ia.o  and 
passing  onL  of  tlie  engine.  To  rednee  as  much  as  possible 
the  effects  of  contraction  and  friction  in  retarditig  the  ilow 
of  steam,  it  is  "necessary  to  observe  the  following  precau- 
tions. To  reduce  as  mtieh  as  possible  the  lengths,  and  in- 
crea.se  the  sectional  areas,  of  the  pipes  and  passages 
through  which  the  steam  is  to  pass.  To  avoid  sndden 
changes  of  direction  in  I  lie  parts  or  passages.  To  obtain 
the  steam   as  dry  as  possible. 

Lead  of  the  valve.  !f  the  lead  of  the  valve  is  too  hte 
the  maxinnini  pressure  of  the  steam  in  the  cylinder  is  iiol 
attained  until  after  n  portion  of  the  stroke  is  traversed 
by  the  piston.  When  the  lead  of  the  valve  is  too  early, 
the  steam  is  admitted  so  readily  as  to  be  momentarily 
eoin pressed,  and  to  cause,  in  some  cases,  an  unfavorable 
pulsatory  action  of  the  steam.  The  total  absence  of  lead 
of  the  valve  likewise  occasions  an  unsteady  pulsatory 
action  of  steam  in   the  cylinder. 
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Inte  temperature,  add  461.    Thus  the  boiling  point  of  water 

at  atmosphere  pressure=212  degrees  Fahrenheil=212-|-461 

=673  d^rees  absolute  temperature. 

To  convert  degrees  Fahrenheit  into  degrees  Centigrade: 
Subtract  32,   multiply   the   remainder  by   5,   and   divide 

by  9. 

Thus,  convert  158  degrees  Fahrenheit  to  degrees  Centi- 
grade. 

Then  (158—32)  |  =  70  degrees  Centigrade. 
Or,  to  convert  degrees  Centigrade  into  degrees  Fahren- 
heit: 

Multiply  by  9,  divide  by  5,  and  add  32. 
Thus,  convert  70  degrees  Centigrade  into  degrees  Fahren- 
heit. 

Then  (70  X  J) +32=158  degrees  Fahrenheit. 

Speciflc  Heat. 

The  ratio  of  the  amount  of  heat  required  to  raise  the 
temperature  of  a  substance  one  degree  to  the  amount  of 
heat  required  to  raise  an  equal  freight  of  water  one  de- 
gree is  called  the  specific  heat  of  the  substance. 

The  specific  heat  of  bodies  varies  very  considerably,  as 
will  be  seen   from  the  following  table: 
Watei=1.000.  Wrought  lron=0. 113      Lead=0.031 

Cast  Iron=0.130      Copper=0.100  Mercury=0.333 

8t€el=0.118  Bi8muth=0.031  Coal=0.241 

Water  has  the  highest  specific  heat  of  any  substance  ex- 
cept hydrogen,  and  the  metals  have  the  lowest.  In  other 
words  it  takes  more  heat  to  raise  the  temperature  of  a 
given  weight  of  water  than   any  other  substance! 

Heat. 

If  one  pound  of  cold  water  be  heated  in  a  closed  vessel 
till  the  water  becomes  warm,  although  the  temi)erature  o^ 
the  water  has  changed,  its  weight  remains  the  same;  and  if 
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the  heat  be  continued  nntil  all  the  water  is  converted  into 
steam,  provided  none  of  the  steam  can  eaeupe,  the  totil 
veight  of  the  steam  is  still  exactly  the  B&me  as  that  of  the 
water  from  which  it  is  produced. 

It  is  evideiU,  therefore,  that  the  heat  which  produced 
these  chancres  is  without  weight.  Heat  cannot,  therefore, 
be  a  material  substance.  It  was  formerly  thought  to  be 
some  kind  of  subtle  fluid,  which  flowed  from  hot  bodier 
into  colder  ones.  This  theory  is  no  longer  accepted,  he- 
cause  it  v/as  found  that  heat  could  be  developed  to  ad  un- 
limited extent  from  cold  bodies  merely  by  rubbing  them 
together. 

A  piece  of  cold  iron  can  be  made  red  hot  by  hammering 
it.  A  carpenter's  saw  or  machinist's  chisel  or  turning  tool 
soon  get  hot  when  a  rubbing  action  or  friction,  is  set  np 
between  the  tool  and  the  work,  although  they  are  all  quite 
cold  to  begin  with. 

All  bodies  are  assumed  to  be  composed  at  minute  par- 
ticles called  molecules,  held  to|;ether  by  mutual  attraction 
or  cohesion  atid  these  molecules  are  in  a  state  of  continual 
agitation  or  vibration.  The  hotter  the  body  the  more  vig- 
orous the  vibration  of  its  constituent  particles.  In  solid 
bodies  the  vibrationa  are  limited  in  estent.  If  this  limit 
is  exceeded,  owing  to  addition  of  heat,  cohesion  is  suffi- 
ciently overcome  to  enable  the  particles  to  move  about 
freely  and  without  restriction,  and  the  solid  has  now  be- 
come a  liquid.  On  still  continuing  the  heat,  further  isepa- 
ration  of  the  molecules  takes  place,  cohesion  is  completely 
overcome,  and  they  fly  off  in  all  directions.  The  liquid 
then  becomes  a  gas. 

The  unit  of  heat  is  the  amount  of  beat  necessary  to 
raise  the  temperature  of  one  pound  of  water  one  degree 
Fahrenheit  when  the  water  is  at  its  greatest  density, 
namely,  from   39   to  40  degrees  Fahrenheit, 

The  rate  of  transfer  of  heat  from  a  hot  body  to  a  cold  is 
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proportional  to  the  differenc*  of  temperature  between  the 
two  bodies.  The  greater  the  diflerenee  of  temperature  the 
greater  the  rate  of  flow  of  heat. 

The  transfer  of  heat  from  one  to  the  other  may  take 
place  in  any  of  the  following  ways:  namely,  by  radiation, 
eoDveetion,  or  condnction. 

Heat  is  given  off  from  hot  bodies  in  rays  which  radiate 
in  all  directions  in  straight  lines.  The  heat  from  the  burn- 
ing eoal  in  a  furnace  is  transferred  to  the  crown  and  sides 
of  the  furnace  by  radiation,  it  passes  through  the  furnace 
plates  by  condnction  and  the  water  is  heated  by  convection. 
The  process  by  which  heat  passes  from  hotter  to  colder 
parts  of  the  same  body,  or  from  a  hot  body  to  a  colder 
body  in  contact  with  it,  is  caUed  conduction.  A  bar  of 
iron  having  one  end  placed  in  the  fire  soon  becomes  hot 
at  the  other  extremity,  the  heat  being  conducted  from  par- 
ticle to  particle  throughout  its  entire  length. 

A  piece  of  burning  wood  can  be  held  with  the  hand  close 
to  the  burning  part.  Some  bodies,  therefore,  conduct  heat 
much  more  readily  than  others. 

J^t  water  at  32  degrees  Fahrenheit  be  heated  in  a  closed 
vessel,  such  as  an  ordinary  steam  boiler,  containing  space 
for  the  accumulation  of  steam,  and  let  heat  be  gradually 
applied.  Then  the  temperature  of  the  water  will  gradually 
rise  to  that  corresptonding  to  the  pressure  within  the  boiler, 
after  which  evaporation  commences  and  steam  is  formed. 

As  the  heat  is  increased,  the  temperature,  pressure,  and 
density,  or  weight  per  cubic  foot,  of  the  steam  increases  in- 
definitely, so  long  as  the  strength  of  the  boiler  is  not  ex- 
ceeded and  the  relation  between  the  temperature,  pressure, 
and  density  always  bears  a  certain  fixed  relation. 

If  just  sufficient  heat  is  supplied  as  to  maintain  the  tem- 
perature constant,  the  pressure  and  density  remain  constant 
also,  and  evaporation  ceases.  If  a  communication  be  opened 
between  the  boiler  and  engine,  on  escape  of  steam  from  the 


130 


MACHINE  8H0P  PRACTICE 


boiler  the  pressure  is  momentarily  reduced  and  re -evapora- 
tion commences  rapidly.  So  long  as  the  temperiture  is 
maintained,  no  sensible  variation  nf  pressure  is  noticeable 
in  a  boiler  supplj'ing  eteam  to  an  eugiae. 


THE  INDICATOR 


m 


i 


The  uses  to  which  an  indieator  is  generally  applied  may 
be  briefly  stated  as  follows: 

To  obtain  a  diagram  showing  the  condition  or  the  be- 
havior of  the  g^es  in  the  cylinder  of  an  engine,  the 
promptness  of  the  admission,  the  fall  in  pressure  from 
heat  losses,  the  extent  and  character  of  the  expansion,  the 
affieiency  of  the  exhaust,  the  extent  of  the  hack  pressure 
^pon  the  piston  and  the  amount  of  compression  at  the  end 
•»f  the  stroke. 

To  find  the  average  effective  pressure  exerted  by.  the 
iteam  upon  the  piston,  from  which  to  calculate  the  Indi- 
cated horsepower  of  the  engine. 

To  determine  whether  the  valves  have  sufiQcient  area  and 
also  whether  they  are  set  correctly,  by  taking  diagrams 
from  the  cylinder  and  noting  the  points  of  admission,  cut- 
off, exhaust  and  compression. 

An  indicator  consists  primarily  of  a  small  steam  cylinder, 
^!ontaining  a  piston,  and  a  spring  to  regulate  the  movement 
■)f  the  piston  according  to  the  pressure.  A  pencil  or  record- 
ing device,  carried  by  an  arrangement  of  small  rods  and 
levers,  constituting  a  parallel  motion,  by  means  of  which 
the  pencil  reproduces  the  vertical  movement  of  the  indicator 
piston  but  exaggerated  four  or  five  times.  A  drum,  to 
which  a  paper,  called  a  card,  is  attached,  and  which  re- 
ceives a  partial  forward  and  backward  rotation  on  its  axis 
by  means  of  a  reducing  gear  operated  from  the  crosshead  or 
other  suitable  part  of  the  engine. 

By  the  combined  vertical  movement  of  the  pencil  and 
the  horizontal  movement  of  the  paper  or  card,  a  closed 
figure  is  drawn  which  is  called  an  indicator  diagram.    The 
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diagram  as  traced  on  tlie  fanl  by  the  pencil  of  the  indi- 
cator, diifers  more  or  less  from  a  theoretical  diagram, 
but  an  actua]  indicator  diagram  is  considered  tlie  inore  per* 
feet  the  closer  it  approaches  the  outlines  of  &  theoretical 
diagram. 


Fig.  83. 

Figs.  83  and  84  show  external  and  crosa-sectional  views  ^ 
of  a  new  form  of  Indicator.     This  instrument  is  in  eon 
ways  a   departure   from    the   ordinary   steam   engine  IndiJ 
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<^tor.  One  difference  is  in  tlie  location  of  the  piston  spring. 
This  has  been  removed  from  the  cylindrical  case  near  the 
piston  to  the  outsiile,  and  is  affixed  above  the  moviDg  parts, 


Fig.   S4. 


where  it  will  remain  cool  under  all  conditions  of  use.  What- 
ever error  ariBes  from  heat,  as  affeeHng  the  spring  in  the 
ordiDsry  type  of  indicator,  is  not  present  in  this  instrument. 
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The  other  and  more  important  difFerence  lies  in  the  size 
and  shape  of  the  piston.  This  piston  is  one  square  inch  in 
area.  aotJ  ie  in  the  form  of  a  central  zone  of  a  sphere.  It 
ig  attached  by  a  rod  directly  to  the  upper  part  of  the 
spring,  and  moves  freely  and  without  restraint  notwith- 
standing there  may  be  some  ecceiitrieity  in  the  action  of 
the  spring.  In  other  words,  this  piston  serves  as  a  uni- 
versal joint  to  take  care  of  the  torsional  strains  of  the 
spring  when  it  operates  the  pencil  mechanism  of  the  indi' 
cator.  The  pencil  mechanism  is  connected  to  the  piston  by 
a  ball  and  socket  joint. 

This  rod  slides  through  a  sleeve  attached  to  the  base  of 
the  pencil  mechanism,  and,  moving  in  a  vertical  line,  eom- 
pels  the  pencil  to  move  also  in  a  vertical  line. 

Any  motion  of  the  piston  due  to  the  movements  of  the 
spring  which  causes  the  spring  rod  to  deviate,  will  not 
affect  the  pencil  mechanism  in  its  vertical  path.  The  con- 
tact of  the  piston  with  the  interior  side  of  the  cylinder  is  a 
line,  and  does  not  induce  friction.  The  piston  of  an  indica^ 
tor  is  usually  a  short  cylinder  fitted  to  slide  easily  within 
another  cylinder.  This  form  of  piston  is  usually  about  one 
half  inch  long,  and  in  use  will  develop  friction  about  its 
circumference.  A  piston  made  in  this  manner  must  resist 
and  overcome  if  possible  the  eccentricities  of  the  spring 
in  action,  even  then  there  is  a  want  of  freedom,  notwith- 
standing tbe  use  of  devices  to  relieve  the  piston  friction. 
This  condition  tending  to  error  is  recognized  by  engineers, 
and  considered  in  the  computations  made  of  the  diagram 
taken  by  the  indicutor.  The  freedom  of  the  piston  move- 
ment in  the  indicator  illustrated  dispenses  with  the  neces- 
sity of  the  correction  of  these  errors. 

Another  feature  is  the  adjustment  of  the  pencil  to  any 
desired  position  on  the  drum  by  loosening  the  binding  not 
below  the  spring  and  screwing  the  spring  upward  or  down- 
ward, carrying  with  it  the  entire  pencil  mechanism.    When 
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relocated  and  the  binding  not  screwed  firmly  into  place, 
the  pencil  is  firmly  held  in  its  new  position. 

The  Indicator  Diagram  gives  the  initial  pressure  in  the 
cylinder'  before  expansion  takes  place.  It  also  indicates 
whether  the  volume  of  the  charge  is  diminished  during  its 
admission  to  the  cylinder.  It  indicates  when  the  expansion 
begins  and  the  average,  pressure  of  expansion  during  the 
stroke.  It  gives  the  terminal  pressure  at  the  opening  of  the 
exhaust.  It  shows  the  point  of  opening  of  the  exhaust.  It 
shows  the  rapidity  of  the  exhaust.  It  indicates  the  back 
pressure  on  the  piston  due  to  the  exhaust.  It  gives  the 
average  pressure  during  the  stroke. 

The  usual  method  of  obtaining  the  average  preaonre  from 
an  indicator  diagram  is  by  ascertaining  its  area  by  means 
of  an  instrument  known  as  a  planimeter,  which  is  used  to 
calculate  the  area  of  irregular  surfaces.  By  moving  the 
tracing  point  attached  to  the  planimeter  over  the  irregular 
outline  of  the  diagram,  its  area  is  obtained.  The  area  of 
the  diagram  divided  by  its  horizontal  length,  gives  the 
mean  vertical  height  or  ordinate  of  the  diagram.  The  ini- 
tial presorre  in  pounds  as  shown  by  the  diagram  multif^ied 
by  this  mean  ordinate,  gives  the  average  pressure  in  pounds 
per  square  inch  during  the  entire  piston  stroke. 

For  the  purpose  of  ascertaining  the  average  pressure,  it 
is  sometimes  snfBciently  accurate  to  calculate  the  mean  or- 
dinate by  means  of  vertical  measurement  lines,  or  ordinates, 
drawn  upon  the  diagram,  which  should  divide  the  diagram 
into  any  desired  number  of  rectangular  panels  of  equal 
width.  The  sum  of  the  length  of  these  vertical  ordinates, 
di\'ided  by  the  number  of  the  ordinates  will  give  the  mean 
ordinate  required,  which,  multiplied  by  the  initial  pressure, 
will  give  the  average  pressure  required.  From  this  the  in- 
dicated horsepower  may  readily  be  found  by  the  use  of  For- 
mula 1  or  6 — Horsepower  of  Steam  Engines. 

Bnmiile:    With  64.7  pounds  average  pressure  calculated 
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from   the   indicator   diagram   taken    from   an   en^ne   of  6 

inches   bore   and   stroh'?   at   300   revolutions   of   the   crank 

shaft  per  minute,  what  will  be  the  indicated  horsepower  of 

the  engine? 

Answer:     The  average  effective  pressure  on  the  piston  in 

pounds  per  square  inch  will  be  64,7  less  14.7,  which  equals 

50  pounds.     Tlie  area  of  the  piston  is  19.64  square  inches 

and  the  total  piston  stroke  0.83  feet.    As  the  speed  js  300 

revolutions  of  the  crank  shaft  per  minute,  then  by  FormoU 

No.  1,  if  THP  be  the  indicated  horsepower,  then 

TT.T,    50X0.83X19.64X800    „,,^ 

IHP= =7.44  horsepower. 

33,000  *^ 

By  Formula  No.  6,  as  the  square  of  the  diameter  of  the 

cylinder  is  25,  then, 

T„T^50X0. 83X26X300    ,  ,,  ^ 

IHI^=      ^=7.44  horsepower. 

42,000 

The  expansion  cnrves  of  indicator  diagrams  vary  con- 
siderably, and  tbey  do  not  obey  any  definite  law.  They 
are   the   resultant   effect   of  a  variety  of  causes   operating 
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Qiis  line  eoinoides  the  more  nearly  with  the  zero  line,  as  the 
condensing  water  temperature  is  lower,  and  as  air  leaks  are 
aheent. 

The  compreniai  enrre  FA  commenees  from  the  point  of 
elosore  F  of  the  exhaust  port.  This  point  depends  upon  the 
amount  of  inside  lap  on  the  valve,  and  the  angular  ad- 
vance of  the  eeoentrie,  and  the  nature  of  the  eurve  will  de- 
pend upon  the  pressure  of  the  steam  and  upon  the  volume 
vi  tbe  elearanee  spaeo. 


A  ■ 


Fig.   86. 

A— Polntof  AdmlaRlon.  AB— Admlnlon  Line.  BC— Steam  Line.  CD— Ex- 
!>union  Carre.  D£— Exhamt  Oarre.  EF— Back-preuure  Line.  F— Point  y 
Oosinir  Kxlianat.  FA— Oompreaaion  Ourra.  X— Atmoapbeiio  freaaun  Uni 
D-'BetoaaeFoint 
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EOBSEPOWBB  OF   STEAM  ZOTOINES. 

The  standard  of  horsepower  is  the  amount  of  energy  that 
will  raise  a  weight  of  33,000  pounds  one  foot  high  in  a 
minate,  or  550  pounds  one  foot  high  in  one  second.  An 
engine  or  motor  exerting  one  actual  horsepower  will  raise 
8  weight  of  10  pounds  3,300  feet  in  one  minute,  but  will 
require  10  minutes  to  raise  330,000  pounds  one  foot  high. 

Horsepower  is  of  three  kinds :  Calculated,  actual  or  brake, 
and  indicated  horsepower.  Calculated  horsepower  is  al- 
ways greatly  in  excess  of  actual  or  brake  horsepower,  as 
heat  and  friction  losses  do  not  enter  into  consideration  in 
the  formulas  used. 

Actual  or  Brake  horsepower  is  obtained  by  the  use  of  s 
Prony  brake,  so  called  after  its  inventor.  This  simple  de- 
vice gives  the  actual  energy  in  foot-pounds  per  minute,  de- 
livered at  the  driving  shaft. 

Indicated  horsepower  represents  the  actual  thermo-dyna- 
mie  (heat  pressure)  conditions  within  the  engine  cylinder, 
bat  does  not  take  into  account  friction  or  other  external 
power  losses. 

The  factors  entering  into  the  calculation  of  the  horse- 
power of  a  steam  engine  are,  the  effective  temperature  of  the 
steam  in  the  cylinder  as  indicated  by  the  average  pressure 
tbtonghont  the  piston  stroke,  the  cubic  contents  of  the 
cylinder,  which  are  given  by  the  length  of  the  stroke  and 
Uie  area  of  the  piston,  and  the  number  of  working  strokes 
or  impulses  per  minute. 

The  product  of  these  factors,  which  is  found  by  multiply- 
in?  them  together,  will  give  the  available  energy  in  foot- 
poDnds  per  minute.  This  product,  divided  by  33,000,  givea 
the  horsepower  required. 
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To  ascertain  the  horsepower  when  the  average  pressure 
upon  the  piston  in  pounds  per  square  inch  is  known. 

Find  the  area  of  the  piston  in  sqnare  inehes,  by  multipljr- 
ing  the  square  of  its  diameter  %  0.7854. 

Find  the  total  pressure  in  pounds  on  the  piston  by  mul- 
tiplying its  area  by  the  average  effective  pressure  in  pounds 
per  square  inch.  The  average  effective  pressure  is  the  aver- 
age pressure  in  pounds  per  square  inch  less  14.7,  whieli 
must  be  deducted  to  allow  for  the  atmospheric  pressure 
against  the  piston. 

Find  the  useful  piston  travel  in  feet  per  minute  by  multi- 
plying twice  the  length  of  the  piston  stroke  in  feet  by  the 
number  of  revolutions  per  minute  of  the  crank  shaft,  for  a 
doubie-aeting  steam  engine.  Find  the  energy  in  foot  {Kiunds 
per  minute  by  multiplying  the  total  pressure  in  pounds  on 
the  piston  by  the  useful  piston  travel  in  feet  per  minute. 

The  horsepower  may  then  be  ascertained  by  dividing  the 
energy  in  foot-pounds  per  minute  by  33,000. 

While  there  are  numerous  formulas  in  use  for  calculating 
the  horsepower  of  an  engine,  one  of  the  most  simple  is  as 
follows : 

PXLXAXN 

33,000  ^  ' 

Where  P  is  the  average  effective  pressure  in  pounds  per 
square  inch,  L  twice  the  length  of  the  piston  stroke  in  feet, 
A  the  area  of  the  piston  in  square  inches  and  N  the  number 
of  revolutions  of  the  crank  shaft  per  minute. 

Example:     What  horsepower  will   a  steam  engine  of 
inch  bore  and  6-ineh  stroke  develop  at  30O  revolutions 
the  crank  shaft  per  minute,  cutting  off  at  one-third  strol 
and   having  an  initial   pressure  of  150  pounds  per  squai 
inchf 

Answer:     The  average  pressure  from  Table  No.  12, 
responding  to  150  pounds  initial   pressure,  with  one-thi: 
cut-off,  ia  104.9  pounds.    From  this  must  be  deducted  1 
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poonds,  which  represents  the  back  or  atmospheric  pressure 
in  the  ease  of  a  single  expansion  engine,  giving  90.2  pounds 
as  the  average  effective  pressure  per  square  inch  on  the 
piston.  From  Table  No.  3  the  area  of  a  circle  4  inches  in 
diameter  is  12.57  square  inches,  and  twice  the  length  of  the 
piston  stroke,  which  is  6  inches,  is  equal  to  one  foot,  then 

90.2X1X12.57X800    ,^  „,  ^ 

83  000 =10.81  horsepower. 

The  following  formulas,  2,  3,  4  and  5,  are  merely  trans- 
positions of  Formula  1,  but  will  be  found  very  useful  in 
ascertaining  the  value  of  any  one  of  the  five  factors  in 
Formula  1,  when  the  other  four  are  known. 

Where  P  is  the  average  effective  pressure  on  the  piston 
in  pounds  {ler  square  inch. 

Example:  What  is  the  average  effective  pressure  on  the 
piston  of  an  engine,  with  a  cylinder  12  inches  in  diameter 
and  piston  stroke  of  18  inches,  the  number  of  revolutions 
of  the  crank  shaft  being  100  per  minute,  and  the  horse- 
power 40! 

Answer:  As  the  area  corresponding  to  12  inches  diame- 
ter is  113.09,  or  in  round  numbers,  113,  then  formula  2. 

40 
PX88.0003^^^3^^^=38.9  pounds. 

To  ascertain  the  required  length  of  the  piston  stroke  in 
feet,  when  the  other  terms  in  the  equation  are  known: 

^^^•«««?XAXS  (^> 

Where  L  is  equal  to  twice  the  piston  stroke  in  feet. 

Example:  An  engine  is  required  to  develop  40  horse- 
power, with  38.9  pounds  average  effective  pressure  per 
square  inch  on  a  piston  12  inches  in  diameter  and  a  speed 
of  the  crank  shaft  of  100  revolutions  per  minute.  What 
dionld  be  the  length  of  the  piston  stroke? 
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Answer:    The    average    effective    pressure    being    38S 

pounds,  then  by  Formula  3, 

Given  a  piston  stroke  of  18  inches. 

To  find  the  required  cylinder  diameter,  other  conditions 
being  as  before  stated: 

HP 

Where  A  is  the  area  of  the  cylinder  in  square  inches. 

Example:  An  engine  is  required  to  develop  40  horse- 
power with  an  average  effective  pressure  on  the  piston  of 
38.9  pounds  per  square  inch.  The  length  of  the  stroke  is 
18  inches  and  the  speed  of  the  engine  crank  shaft  is  100 
revolutions  per  minute,  what  should  be  the  cylinder  dia- 
meter? 

Answer:  The  area  of  the  cylinder  by  Formula  4  is  there- 
fore 
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revolntions  per  minnte  by  Formula  5,  will  therefore  be 

40 
N=83,000——;^rrT— 7^=100  revolutions  per  minute. 

The  following  formula  may  be  used  in  place  in  Formula 
1,  if  so  desired: 

PXLXD'XN 
^^      42.000  ^*^ 

Where  D  is  the  diameter  of  the  piston  in  inches,  the  re- 
mainder of  the  terms  used  being  the  same  as  in  Formula  1. 

Bxamiile:  Calculate  the  horsepower  of  the  same  engine 
by  formula  6. 

Answer:    As  the  square  of  the  diameter  of  the  piston  is 

4X4=d6,  then 

90.2X1X16X300    , .  ,,  , 

HP= ^^ =10.31  horsepower. 

42,000 

On  the  basis  of  these  formulas,  two  simple  rules  may  be 
deriTed  for  calculating  the  horsepower  of  a  steam  engine: 

1.  The  horsepower  is  equal  to  the  average  effective  pres- 
8iu«  in  pounds  per  square  inch,  multiplied  by  twice  the  pis- 
ton stroke  in  feet,  by  the  area  of  the  piston  in  square 
inches  and  by  the  number  of  revolutions  of  the  crank  shaft 
per  minnte,  divided  by  33,000. 

2.  The  horsepower  is  equal  to  the  average  effective  pres- 
nre  in  pounds  per  square  inch,  multiplied  by  twice  the  pis- 
ton stroke  in  feet,  by  the  square  of  the  diameter  of  the  pis- 
ton m  inches  and  by  the  number  of  revolutions  of  the  crank 
shaft  per  minute,  divided  by  42,000. 

It  should  always  be  borne  in  mind  that  14.7  pounds  must 
in  any  ease  be  deducted  from  the  average  pressure  to  obtain 
the  average  effective  pressure  on  the  piston,  whether  the 
mnge  pressure  is  obtained  from  an  indicator  diagram, 
ftwn  Table  No.  12,  or  from  Formula  2. 

Squares  of  diameters  and  areas  of  circles,  are  given  in 
Uiles  No.  1  and  3.  These  may  be  used  in  connection 
*ith  Fonnnlas  1  to  6. 
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Table  No,  12 — Average  Steam  Pressure  on  Piston,     | 

in  Ponnds  per  Sijuaie   Inch. 

Average  Presfiure 

throutrbntit  th*i 

Piittdti  Stroke. 

lultitil  Pressure 

-1, 

.966 

.937 

.919 

.846 

.743 

.699 

.596 

.385 

Kutnber  of 

Vokjlnea  to  wlilch 

the  Steam  is 

Expiitidi.ll. 

15 

U 

If 

2 

2f 

3 

4 

» 

Point  of  Cut-oB. 

a 
i 

f 

i 

i 

i 

i 

50 

48.2 

46.7 

45,9 

42,3 

87.1 

86.0 

29.8 

19.2 

65 

sa.o 

5l.;i 

50.5 

46.6 

40,8 

88.4 

82.8 

21  2 

60 

67.8 

56.0 

55.1 

50.8 

44.5 

41.9 

36.8 

23.1 

q 

65 

m.s 

60.7 

59.7 

55.0 

48,2 

46.4 

3S.8 

24.9 

§ 

70 

67.4 

65,3 

64.3 

59.2 

52.4 

48.9 

41.6 

26,7 

3" 

75 

72.3 

70.0 

68.9 

63.5 

56,1 

52.4 

44.7 

28.6 

OQ 

SO 

77.1 

75.7 

73.5 

67,7 

59.3 

55.9 

47.7 

30.8 

£ 

85 

81.9 

80.3 

78.1 

72.0 

63.0 

59,8 

50.7 

32.7 

13 

a 

s 

SO 

86.7 

84.0 

82.7 

76.2 

66,8 

62.9 

53,7 

34.6 

(S 

95 

91,5 

88.7 

87.3 

80.4 

70.4 

66.4 

56.7 

36.6 

a 

100 

96.4 

93.3 

91.9 

84.6 

74.2 

69.9 

59.6 

38.5 

S 

3 

105 

101.2 

98.0 

96.5 

88.9 

77.9 

78.4 

62.6 

40.4 

HO 

110 

106.0 

101.7 

101.0 

93.1 

81.6 

76.9 

66.6 

42.3 

115 

110.8 

106.3 

105.6 

97.4 

85.2 

80.4 

69,6 

44,2 

gj 

120 

116.6 

112.0 

110.2 

101.6 

89.0 

83.9 

71.6 

46,2 

125 

120.5 

115.7 

114.8 

105.8 

102.8 

87.4 

74.6 

48.1 

1 

2 

3 

4 

5 

6 

7 

8 

^^^Q^H  ' 
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Table  No. 

12  CoNTrNTE!) — Average  Steam  Pressure 

on  Piston,  in  Founds  per  Sqiiai«   Inck 

1 

ATOTmte  Pressure 

thrcfUffbout  the 

Piswn  Slrotte. 

loltlal  PrvHiure 

-1. 

.966 

.937 

.919 

.846 

.743 

.699 

.596 

.385 

Xnmber  o( 

Yolumea  to  wljUcb 

the  Steam  ts 

Expanded, 

U 

n 

1} 

2 

2} 

3 

4 

8 

{■oint  ol  Cut-off. 

1 

f 

i 

1 

i 

1 

T 

1 

180 

125.3 

121.3 

119.4 

110.0 

96.4 

90.9 

77.5 

59.8 

1 

140 

134.9 

130.7 

128.6 

118.5 

103.8 

97.9 

85.3 

53.9 

, 

150 

144.6 

139.3 

137.8 

126.5 

111.3 

104.9 

89.6 

57.7 

ti 

a 

160 

154.2 

151.3 

147.0 

135.4 

118.7 

111.8 

95.4 

61.6 

§ 

170 

163.8 

160.7 

156.2 

143.9 

126.1 

118.8 

101.4 

65.4 

□" 

180 

173.5 

166.0 

165.4 

152.4 

133.5 

125.8 

107.4 

69.3 

UD 

190 

183.1 

177.3'174.5 

160.8140.9 

132.8 

113.3 

73.1 

200 

192.8 

186.7 

183.8 

169.3 

148.4 

139.0 

119.3 

77.0 

T3 
B 
g 

210 

202A 

195.0 

192.9 

177.8 

154.8 

146.8 

125.3 

80.8 

(2 

220 

212.0 

203.3 

202.1 

186.2 

163.2 

153.8 

133.2 

84.6 

a 

230 

221.6 

212.7 

211.3 

194.7]  170.4 

160.8 

139.2 

98.5 

1 

240 

231.3 

224.0 

220.5 

203.2  178.1 

167.8 

143,2 

92.4 

250 

240.9 

233.3 

229.7 

211.6  185.4 

174.7 

149.1 

96.2 

260 

250.6242.7 

238.9'220.1jl92.9 

181.8 

155.1 

99.7 

280 

269.8 

261.3 

257.21237.0  207.7 

195.7 

170.6 

107.8 

'S 

300 

289.1 

280.0 

275.6 

254.0 

222.5 

208.7 

179.0 

115.6 

1 

2 

3 

4 

5 

6 

7 

8 

ta 

^^^            ^ 
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HOBfiEFOWEB   OF   GAjS    AJn>   GASOLIHB   ENGINES. 

As  tbe  formnlts  used  for  ibt  ealeolatioii  of  the  horse- 
power of  i^eain  en^Sies  are  not  as  a  role  directly  applicable 
to  gas  and  gasoline  engines,  formulas  are  here  given  that 
will  be  fouEid  better  ^^mted  to  the  pnrpose. 

From  a  theoretieal  standpoint  a  ttro-cyele  engine  should 
not  onlr  have  as  great  a  sp«ed  as  a  foar-<rycle  engine,  but 
should  be  eapable  of  developing  almost  twice  the  po-wer.  It 
is  a  fact,  however,  that  in  actual  prmctiee  the  performance 
of  a  two-eycle  engine  is  far  different. 

The  horsepower  of  a  two  or  four-eycle  engine  may  be 
calculated   from   the   following  formulas: 

Where  D  is  the  diameter  and  S  the  strobe  of  the  pistoti  in 
inehes,  X  the  number  of  revolntioQS  of  the  erank  shaft  pier 
minute  and  HP  the  required  horsepower. 
Example:     Ret]u.ired  the  horsepower  of  a  two-eycle  engine 
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the  enbe  of  6,  which  is  216,  this  multiplied  by  600,  and 
divided  by  18,000,  gives  7.20  as  the  horsepower  of  the 
engine,  or  by  Formula  2, 

216X600 

A  fonr-eyde  gas  or  gasoline  engine  has  only  one  working 
stroke  or  impulse  for  each  two  revolutions  of  the  crank 
shaft.  During  these  two  revolutions  which  complete  the 
eyele  of  titte  engine,  six  operations  are  performed: 

1.  Admission  of  an  explosive  charge  of  gas  or  gasoline 
vapor  and  air  to  the  cylinder  of  the  engine. 

2.  Compression  of  the  explosive  charge. 

3.  Ignition  of  the  compressed  charge  by  a  hot  tube  or  an 
eleetrie  spaik. 

4.  Explosion  or  extremely  sudden  rise  in  the  pressure  of 
the  compressed  charge,  from  the  increase  in  temperature 
after  ignition. 

5.  Expansion  of  the  burning  charge  daring  the  working 
stroke  of  the  piston  of  the  engine. 

6.  Exhaust  or  expulsion  of  the  burned  gases  from  cylin- 
der of  the  engine. 

As  pressure  increases  with  a  rise  in  temperature,  which 
in  a  gas  or  gasoline  engine  the  moment  after  ignition  has 
taken  place  is  about  2,700  degrees  Fahrenheit,  the  higher 
the  temperature  of  the  ignited  gases,  the  greater  would  be 
the  pressure.  As  this  pressure  is  expended  in  work  on  the 
piston  of  the  eng^e,  the  whole  of  it  might,  if  expansion  of 
the  boming  g^ses  were  continued  long  enough,  be  utilized. 
Fall  ntilizatiDn  of  the  expansion  of  the  bases  is  however 
inpossible  from  a  mechanical  standpoint.  The  expansion 
of  the  gases  should  be  as  rapid  as  possible,  as  the  faster 
the  piston  uncovers  the  cylinder  wall,  the  less  time  will  be 
left  for  the  transmission  of  heat  or  energy  to  the  cj'Iinder 
wall  Qasoline  vapor  or  gas,  in  themselves  are  not  com- 
bnstible,  but  ipnst  be  mixed  with  a  certain  amount  of  ai; 
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I 


before  ignition  and  consequent  oambiistion  of  the  ebiu^ 
eini  be  effecteti.  The  pombnstiou  of  the  gases?  is  not  in- 
stautaneoue  as  miglit  be  imajfined,  but  eontinues  during  the 
entire  working  stroke  of  the  piston  of  the  engine.  The  es- 
Iremeiy  high  temperature  produced  by  the  combnstion  ne- 
cessitates the  use  of  a  eooliti}?  device  round  the  exterior  of 
the  cylinder  of  the  engine  in  the  form  of  a  water  jaeket. 

Gas  and  gasoline  possess  many  advantages  over  eteam 
engines,  and  compare  favourably  with  them  as  regards  the 
(■nst  of  fuel. 

Electrical  Horsepower.  One  electrical  horsepower  is 
equal  to  the  current  in  amperes  nmltiplied  by  the  electro- 
motive force  or  voltage  of  the  circuit  and  divided  by  746. 

Let  C  be  the  current  in  amperes  and  E  the  voltage  of  the 
circuit.    If  EHP  be  the  required  electrical  horsepower,  then 

EXC 


EHP=: 


746 
Example:    What   iw   the  electrical  horsepower  of 
volt   motor,  which   takes  a  current  of  80  amperes  f 

As  the  voltage  is  200  and  the  cnn-ect  80  am 
by   Fommla   1, 


Answer: 
peres  then 


EHP= 


;ooX80 


746 


^=21.44  horsepower. 


EHP= 


(2) 


I 
I 


(1) 
a  200- 


One  electrical  horaepovver  is  also  equal  to  746  watts. 

If  C  be  the  current  in  amperes,  E  the  electro-motive  foree 
or  voltage,  R  the  resistance^  and  EHP  the  electrical  horse- 
power, then 

CXR^     E» 
746       746XR 

In  practice  with  moton;  or  small  power,  1,000  watts  are 
iieeesaary  to  deliver  one  mechanical  or  brake  horsepower 
at  the  driving  shaft  of  the  motor. 

If  the  actual  or  brake  horsepower  of  an  electric  motor  be 
known,  the  efficiency  of  the  motor  may  be  readily  found  by 
the  following  formula; 


i 
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If  E  be  the  voltage  of  the  ciretiit  and  C  the  «nrrent  in 
amperes  consumed  by  the  motor,  let  BHP  be  the  brake 
horsepower  of  the  motor  and  e  the  efficiency  of  the  tnotor, 
then 

BHPX746  ... 

* EXO"  <*^ 

Snunple:  What  is  the  mechanical  efficiency  of  a  20(V- 
volt  motor,  which  when  taking  a  current  of  80  amperes, 
shows  on  a  brake-test,  17.16  horsepower  f 

Answer:  As  the  brake  horsepower  is  17.16,  the  voltage 
200  volts,  and  the  current  80  amperes,  then  by  Formula  3, 

_17.16X746_,^ 
^-^00X80— ^P"'-*'^'^*- 

HOBSEFOWEB  OF  OEAB  WHEELS. 

1.  When  the  circtdar  pitch  is  given— to  find  the  horse- 
power capable  of  being  transmitted  by  cast  iron  gears  with 
cot  teeth:  Multiply  the  pitch  diameter  of  the  gear  by  the 
eirenlar  pitch  of  the  teeth,  by  the  width  of  the  teeth,  (all  in 
ineh  measurements),  and  by  the  number  of  revolutions  of 
the  gear  per  minute.  Divide  the  product  by  550  and  the  re- 
snlt  will  be  the  horsepower  the  gear  is  capable  of  trans- 
mitting. 

Let  D  be  the  pitch  diameter  of  the  gear,  0  the  drcnlar 
pitch  and  E  the  width  of  the  tooth,  (all  in  inch  measure- 
ments, S  the  number  of  revolutions  of  the  gear  per  minute 
and  H.  P.  the  horsepower  the  gear  is  capable  of  transmit- 
ting, then  6 

Bximple:  What  horsepower  will  the  following  oast  iron 
g«ar  with  cut  teeth  transmit  at  100  revolutions  per  minute  f 
The  circular  pitch  of  the  gear  is  2  inches,  the  number  of 
teeth  33  and  the  width  of  the  face  of  the  tooth  2  inchecb 
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Answer:    As  the  pitch 
imately  21  inches,  then 


diameter  of  the  gear  is  appniX' 


HP= 


21X2X2X100 


650 


=15.27 


Note:  A  cast  iron  gear  with  cut  teeth  of  1  inch  circular 
pitch  and  1.048  inches  width  of  tooth  and  with  33  teeth  will 
transtoit  1  horsepower  at  50  revolutions  per  minute.  As 
the  pitch  diameter  of  the  gear  approximately  lOYz  inchesi 
then 

10.5X1X1.048X50    ,  ^  J 

■ -— —  =1  horsepower.  ■ 

550  • 

2.  When  the  diameter  pitch  is  given  to  find  the  hors«' 
power  capable  of  being  transmitted  by  cast  iron  gears  wltb 
cut  teeth:  Mulliply  the  pitch  diameter  of  tlie  gear  by  the 
width  of  the  tooth  (both  in  inch  measarements),  and  bj 
the  number  of  revolutions  of  the  gear  per  minute,  DividftJ 
the  product  by  the  Diametral  pitch  and  by  175,  and  the  re-j 
suit  will  be  the  horsepower  the  gear  is  capable  of  tr 
mitting. 

Let  D  be  the  pitch  diameter  of  the  gear,  T  the  width 
the  tooth   (both  in  inch   measurements),  B  the  number  oil 
revolutions  of  the  gear  per  minute  of  the  gear,  P  the  di 
metral  pitch  and  H.  P    the  hoi-sepower,  then 

^^  PX175  <2* 

Ezamplet    What  horsepower  will  the  following  cast  irofl 

gear  with  cut  teeth  transmit  at  100  revolutions  per  minutfll 

The  diametral  pitch  of  the  gear  is  1%,  the  width  of  th 

face  of  the  tooth  2  inches,  and  the  pitch  diameter  20  ine 

Answer:  20X2X100    ,^,,.. 

^^^^^^^^;g—lo.'24  horsepower. 

3.  To  find  the  horsepower  capable  of  being  transmltt 
hy  a  gear  with  cut  teeth  of  any  given  material.     Mttltipl]| 
the  results  obtained  by  Rule  1  or  2,  or  by  Formula  1  or  l^~ 
by  the  coefficients  for  the  various  metals  given  herewith. 
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Out  iron  being  taken  as  1  or  unity,  then:  Malleable 
Iroii=l^,  Brass=1.33,  Bronze=1.66,  Gun  Metal=2.00, 
Phosphor  Bronze=3.00,  Wrought  Iron=:3.33,  Steel=4.00. 

Example:  If  a  cast  iron  gear  of  given  dimensions  will 
transmit  2  horsepower,  what  horsepower  will  a  similar  gear 
if  made  of  phosphor  bronze? 

Answer:  As  the  coefBcient  for  phosphor  bronze  is  3, 
then  2X^=6  horsepower  that  the  gear  will  transmit  if 
made  of  phosphor  bronze  in  place  of  cast  iron. 

Note:  If  the  diametral  instead  of  the  circular  pitch  be 
given.  To  find  the  circalar  pitch  of  the  teeth,  divide 
3J416  by  the  diametral  pitch  of  the  gear. 

Example:  Required  the  circular  pitch  of  the  teeth  of  a 
gear  of  4  diametral  pitch  t 

Aotwer:  3.1416  divided  by  4,  gives  .7854  as  the  circular 
pitch  in  inches  of  the  gear  teeth. 

Example:  What  is  the  circular  pitch  of  a  gear  of  2 
diametral  pitch  f 

Answer:  3.1416  divided  by  2,  gives  1.5708  inches  as  th( 
areolar  pitch  of  the  gear  teeth. 
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Eleetrieity  or  eleetrical  eneigy  may  be  generated  in  sev- 
eral ways:  Mechanically,  by  means  of  a  dynamo,  and  stati- 
eally  or  by  friction.  By  whatever  means  it  is  produced, 
there  are  many  properties  which  are  common  to  alL  There 
are  also  distinctive  properties.  The  current  supplied  by  a 
storage  battery  will  flow  continuously  until  the  battery  is 
practically  exhausted,  while  the  current  from  a  dry  bat- 
tery can  only  be  used  intermittently:  that  is,  it  must  have 
alight  periods  of  rest,  no  matter  how  short  they  may  be. 

Electrical  Snles  and  Formulas.  Force  is  any  cause  of 
change  of  motion  of  matter.  It  is  usually  expressed  by 
volts,  pounds  or  other  units. 

Resistance  is  a  counter-force  or  whatever  opposes  the 
action  of  another  force. 

Work  is  force  exercised  in  traversing  or  crossing  a  space 
against  a  resistance  of  counter-force.  Force  multiplied 
by  space  or  distance  represents  work  in  foot-pounds. 

Energy  is  the  capacity  for  doing  work,  and  is  measured 
by  the  work  done. 

The  cause  of  a  manifestation  of  energy  is  force.  If  this 
be  electro-motive  energy  or  electric  energy  in  current  form 
it  is  called  Electro-motiTe  force.  The  practical  unit  of 
tleetro-  motive  force  is  the  Volt. 

When  electro-motive  force  does  work  in  a  closed  electric 
omiit  a  current  is  produced.  The  practical  unit  of  current 
U  ealled  the  Ampere. 

A  current  of  electricity,  when  flowing  in  a  closed  electric 
QRidt,  passes  through  some  substances  more  easily  than 
tbroagfa  others. 

The  relative  ease  of  passage  of  the  electric  current  is 
blown  as  conductive.     In  practical  calculations  its  recip- 

159 
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roefl],  which  is  called  resist  once,  is  generally  used.  This 
proctical  unit  is  known  as  the  Ohm. 

A  current  of  one  Ampere  is  maintained  by  one  Volt 
through  a  resistance  of  one  Ohm. 

Ohm 'a  Law  may  be  generally  stated  under  the  folloiriiig 
heads : 

The  current  is  in  direct  proportion  to  the  voltage  of  the 
circuit,  and  inversely  proportional  to  its  resistance. 

X,  The  current  is  equal  to  the  voltage  divided  by  the  re- 
sistance of  the  circuit, 

2.  The  voltage  is  e<|iiul  to  the  current  multiplied  by  tht 
resistance  of  the  circuit. 

3.  The  resistance  of  the  circuit  should  equal  the  voltage 
flivided  by  the  cnrrent  required. 

Let  C  he  Uie  current  in  ampcrers  flowing  in  the  closed 
elect rie  circuit,  and  E  the  elect ro-motivf  force  or  voltage  of 
the  circuit,  if  R  be  the  resistance  iu  Ohm's  of  the  circuit 
when  closed,  then 
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Aunrar:  By  formnla  3,  50  divided  by  25  equals  2  Ohms 
as  the  required  resistance. 

Ampere-hoar.  The  term  ampere-hour  is  used  to  denote 
the  capacity  of  a  storage  of  a  closed-circuit  primary  bat- 
tery for  current.  A  storage  battery  that  will  keep  a  2 
ampere  lamp  burning  for  8  hours  is  said  to  have  a  16  am- 
pere-hour capacity.  In  a  similar  manner  an  80  ampere-hour 
battery  would  operate  the  same  lamp  40  hours.  The  voltage 
of  a  battery  does  not  enter  into  the  calculation  of  its  am- 
pere-hour capacity. 

Watt-honr.  A  current  of  one  ampere  flowing  in  a  closed 
electric  circuit,  with  an  electro-motive  force  of  one  volt,  is 
equal  to  one  volt-ampere  or  one  watt.  The  voltage  of  a 
circuit,  multiplied  by  the  rate  of  the  current  flowing  in 
amperes,  gives  the  rate  of  work,  or  energy  expended  in 
watt-honrs. 

An  electro-motive  force  of  one  volt,  with  a  current 
strength  of  one  ampere,  is  capable  of  developing  an  amount 
of  work  or  energy  called  a  watt. 

4.  One  volt  multiplied  by  one  ampere  is  therefore  equal 
to  one  watt. 

5.  The  square  of  current  multiplied  by  the  reslBtance  is 
also  equal  to  the  number  of  watts. 

6.  The  square  of  the  electro-motive  force  or  voltagB, 
di\ided  by  the  resistance  is  also  equal  to  the  watts. 

Let  E  be  the  electro-motive  force  of  an  electric  circuit 
supposed  close.^  If  0  be  the  current  in  amperes,  B  the  re- 
sistance in  Ohms  and  W  the  watts,  that  is  the  product  of 
the  Volts  multiplied  by  the  Amperes,  then 

W  =EXC  (4) 

=  C»XB  (5) 

E» 
=5  ^«> 

Ewnpla:    What  is  the  rate  of  work  or  energy  of  an 
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electric  circuit,  which  has  au  electro-motive  force  of  50 
volts  ond  a  eurrent  of  25  amperes  t 

Answer:  By  Foi-mula  4,  the  energy  is  50  multiplied  by 
25,  or  1250  walls. 

Example:  With  a  current  of  25  amperes  and  a  resis- 
tHiicrc  of  2  Ohms,  what  is  the  rate  of  work  or  energy  in 
the  circuit  in  watts. 

Answei:  From  Formula  5,  the  work  or  energy  in  the 
circuit  is  equal  to  25XI^5X-=1250  watts. 

Example:  What  is  the  rale  of  work  or  energy  in  an 
electric  circuit  having  an  electro-motive  force  of  50  volts 
and  a  current  of  25  amperes. 

Answer:  By  Formula  6,  the  rate  of  work  or  energy  is 
5UXiJtl  divided  by  2,  or  1250  watta. 
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If  a  machinist  wishes  to  become  a  first  dass  workman  he 
most  leam  to  thoroughly  understand  the  necessity  of  close 
or  accurate  measurements.  With  the  aid  of  a  micrometer 
lie  win  soon  learn  to  detect  the  difference  between  one- 
half  and  one-thousandth  of  an  inch,  and  will  then  begin 
to  appreciate  the  value  of  delicate  or  fine  measurements  and 
*<enrate  workmanship. 

At  the  present  time  when  the  making  of  interchangeable 
Puta  for  machinery  is  an  established  factor  in  all  large 
ihops,  the  fitting  of  one  part  to  another  is  no  longer  a 
V><8tion  of  guesswork,  but  of  working  to  gauges  and  tem- 
pletg,  the  absolute  sizes  of  which  are  definitely  fixed.  Hence 
the  necessity  for  accurate  measuring  devices  as  are  here- 
with illustrated,  which  were  formerly  to  be  found  only  in 
•  few  large  shops. 

Micrometers. 

Micrometers  form  convenient  and  accurate  instruments 
'w  fine  external  measurements.  They  are  made  in  different 
^«s  and  styles  to  measure  all  sizes.  They  are  graduated 
^  read  to  thousandths  of  an  inch,  and  one-half  and  one- 
^isrter  thousandths  are  readily  estimated.  Some  microme- 
ters have  verniers  by  which  sizes  can  be  obtained  to  ten- 
*ousandths. 

The  gauge  screws  are  encased  and  protected  from  dirt 
'Id  liability  to  injury.  The  parts  most  subject  to  wear 
'''e  hardened  and  means  of  adjustment  are  provided  to 
foiiipensate  for  wear  of  the  screw  or  nut.  The  decimal 
"juivalents  stamped  on  the  frame  are  very  convenient  and 
fender  possible  the  immediate  expression  of  readings  in 
^ijhts,  sixteenths,  thirty-seconds  and  sixty-fourths  of  on 
iaeh. 
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Fig.   8S. 

The  chief  mechanical  prineiple  embodied  in  tie  eonst 
tion  of  a  micrometer  is  that  of  a  screw  free  to  move 
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fixed  nut.  Aa  opening;,  to  receive  tlie  work  to  be  measured, 
is  afforded  by  tlie  backward  luovetnent  of  tlie  Borew  and 
the  size  uf  the  opeaiajj  is  iudicaled  by  tlie  graduatioas. 


Fig,    87. 

A  slandanl  form  of  micromeler  is  shown  in  Fig.  86  whieh 
measure  up  to  1  inch  by  oiie-tbotisandths  of  an  inch. 
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Fip.  87  illustrates  a  micrometer  with  removable  ariTils  for 
(|uick  changes  of  jneasuremeuts. 

How  to  Kead  a  Micrometei 

The  spindle  C,  Fig.  88,  is  attnehed  to  tht  thimble  E  at 
the  point  H.  The  part  of  the  spindle  which  is  concealed 
within  the  sleeve  and  (himble  is  threaded  to  fit  a,  nut  in 
ihe  frame  A.  The  frame  being  held  stationary,  the  tbim* 
ble  E  is  revolved  by  the  thumb  and  finger,  and  the  spindle 
C  being  attached  to  the  thimble  revolves  with  it,  and 
moves   through    the  nut   in   the   frame,   approaching  or  re- 


I 


eeding  from   the  anvil   B.     The   article  to  be  roeasnred 

placed  between  the  anvil  B  and  the  spindle  C.  The  mei 
surement  of  the  opening  between  the  anvil  and  the  spindl* 
is  shown  by  the  lines  and  figures  on  the  fileeve  O  and  the 
thimhlc  E.  . 

The  pitch  of  the  screw  threads  on  the  concealed  part  \ 
of  the  spindle  is  40  to  an  inch.  One  complete  revolution 
of  the  spindle  therefore  moves  it  longitudinally  one  fortieth 
(or  twenty-five  thousandths)  of  an  ineh.  The  sleeve  P  is 
marked  with  40  lines  to  Ihe  inch,  corresponding;  to  the  nam- 
ber  of  threads  on  the  spindle.  When  the  micrometer  is 
dosed,  the  beveled  edge  of  the  thimble  coincides  with  thai 
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line  marked  0  on  the  sleeve,  and  the  0  line  on  the  thimble 
agrees  with  the  horizontal  line  on  the  sleeve.  Open  the 
micrometer  by  revolving  the  thimble  one  full  revolution,  or 
imtil  the  0  line  on  the  thimble  again  coincides  with  the 
horizontal  line  on  the  sleeve.  The  distance  between  the 
anvil  B  and  the  spindle  C  is  then  1-40  (or  .026)  of  an  inch, 
and  the  beveled  edge  of  the  thimble  will  coincide  with  the 
second  vertical  Une  on  the  sleeve.  Each  vertical  line  on  the 
sleeve  indicates  a  distance  of  1-40  of  an  inch.  Every  fourth 
line  is  made  longer  than  the  others,  and  is  numbered  0,  1, 
2,  3,  etc.  Each  numbered  line  indicates  a  distance  of  four 
times  1-40  of  an  inch,  or  one  tenth. 

The  beveled  edge  of  the  thimble  is  marked  in  twenty- 
4w  divisions,  and  every  fifth  line  is  numbered,  from  0 
to  25.  Rotating  the  thimble  from  one  of  these  marks  to 
the  next  moves  the  spindle  longitudinally  1-26  of  twenty- 
five  thousandths,  or  one  thousandth  of  an  inch.  Rotating 
it  two  divisions  indicates  two  thousandths,  etc.  Twenty- 
five  divisions  will  indicate  a  complete  revolution,  .025  or 
1-40  of  an  inch. 

To  read  the  niicrometer,  therefore,  multiply  the  number 
of  vertical  divisions  visible  on  the  sleeve  by  25,  and  add 
the  nunber  of  divisions  on  the  bevel  of  the  thimble,  from 
0  to  the  line  which  coincides  with  the  horizontal  line  on  the 
sleeve.  For  example,  as  the  tool  is  represented  in  the  en- 
graving, there  are  ten  divisions  visible  on  the  sleeve.  Multi- 
ply this  ntunber  by  25,  and  add  the  number  of  divisions 
shown  on  the  bevel  of  the  thimble,  which  is  10.  The 
micrometer  is  therefore  open  two-hundred  and  sixty-thou- 
sandths.    (10X25=250+10=260). 

How  to  Brad  a  Uierometer  to  Ten-Thonsaadths. 

Readings  in  ten  thousandths  of  an  inch  are  obtained  by 
the  use  of  a  vernier,  so  named  from  Pierre  Vernier,  who 
invented  the  device  in  1631.     As  applied  to  a  micrometer 
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Screw   Thread   Micrometer. 


The  mierompler  sliow 
sfournte  measurement 
oi  Vtircads  on  sitcws, 
laf«,  thrend  gauges, 
rtc.,  by  meAsuritig  the 
■ftiml  thread. 

Tiled  istinctive 
[eiture  in  the  construc- 
tion of  this  micrometer 
IB  thfit  the  end  of 
llie  movuKle  sjiindle 
is  pointed  a  u  d  the 
tiled  end  or  anvil  ia 
V  shaped.  Enough  is 
token  from  the  em!  of 
the  point  and  the  bot^ 
luni  ot  the  V  is  carried 

itown  low  enough,  so  that  they  will  not  rest 
(ID  the  bott«ai  or  top  of  the  thread  to  he 
mfusured  hut  on  the  cut  surface,  Aa  the 
liifMd  itself  is  meaeuretl,  it  will  be  seen 
that  the  actual  outtiide  diameter  of  the 
piwedoea  not  etiter  into  consideration. 

As  only  one-half  of  the  depth  of  the 
Uiread  from  the  top,  on  each  side  ia 
nieiiKitred,  tbe  diameter  of  the  threiid  as 
imlir}i(*."d  hy  the  cal  iiwr,  or  tho  pitrh  dtam- 
flpf,  is  the  full  size  of  the  thread  leijs  the 
depth  ol  one  thread. 

Tliit  depth  may  he  found  us  fidtows: 

Fig    'M. 

DfM:  J      V       threads  =  .8(5*5  -*- number  of  threads  to  1  inch, 


r.  8.8td. 


=  ,6-195-> 


WTjitworth         =.64 


172 


MACHINE  SHOP  PRACTICE 


As  the  tJ.  S.  standard  thread  is  flatted  1-S  of  its  «rwB 
depth  on  top,  it  follows  that  the  pitch  diameter  of  the 
thread  is  iucreased  1-8  on  each  side,  equaling  1-4  of  the 
whole  depth  and  instead  of  the  constant  .Rfifi  the  constant 
.6495  in   used,  which   is   three-fourths  of  ,866. 

While  the  movahle  point  measures  sill  pitehes,  the  fixed 
anvil  is  limited  iti  its  capacity,  for  if  made  large  enougli 
to  measure  a  4  pitch  thread  is  would  be  too  wide  at  t 
top  to  measure  a  24  pitch  thread  and  if  made  to  measu 
a    24    pitch    thread    it    would   be   so   sinall    that    the    thre; 
would  not  obtain  a  proper  bearing  in  the  anvil.    Thns  eaci 
micrometer  iis  necessarily  limited  in  the  range  of  tbreadc' 
that  the  anvil   can   measure. 


ea 
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Ratchet   Stop   for  Dlicrometers.  f 

When  using  the  device  shown  in  Pig.  ftl,  the  ratchet  slips 
by  the  pawl  when  more  Ihan  a  certain  amoQot  of  pressore 


rw^ii^ 


Fig.    81. 

is    applied,    and    so    prevcnt,s    the    measuring   spindle 
turning  farther  and  |)erhaps  springing  the  instrument. 

It  is  valuable  where  a  luimber  of  measurements  have  to 
be  taken  quickly  and  especially  where  measiirements  are 
taken  by  more  than  one  person  with  the  same  micrometer, 
us  by  its  use  the  same  amount  of  pressure  is  applied  to  the 
article  to  he  measured,  in  every  case. 


Sheet  Metal  Micrometer. 


The   Micrometer  shown    in    Fig,   92, 
especially    convenient    for   sheet   metal 


I 
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workers. 
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By  pJacing  the  middle  finger  of  the  right  hand  through 
the  rinij,  the  micrometer  is  readily  held  at  right  angles  to 
the  sheet  to  be  measured  and  readings  made  •while  in  thu 
position.  The  ihinible  raa  he  operated  by  the  forefinger 
and  thumb  of  the  same  handi 


Fig.   92. 

The  micrometer  measures  all  sizes  less  than  four-tenths  of 
M  iTifh  by  one-half  thousandths  of  an  inch,  but  one-quar- 
itt  Ihiinsandthu  are   readily  estimated. 

To  faeilitate  the  reading  of  the  mierometer  while  held 
|lii  position,  the  one-half  thousandths  readings  are  takee 
iLe  tital  at  the  top  of  the  spiudle,  the  readings  being 

lintvd  by  the  pointer.  The  twenty-five  thousandths 
»«iding»,  or  those  corresponding  to  the  readings  on  the 
Wnti  nf  an  ordinary  Micrometer,  are  taken  from  the  scale 
•t  liie  top  of  the  frame. 

T\k  dtcimal  equivalents  stamped  on  the  frame  are  con- 
•■i«nt  ttid  render  possible  the  immediate  expression  ot 
mJis^  to  8tbs,  16ths,  32dB  and  64th3  of  an  ineh. 


Tim-  KL 


voric  mi  m  wmOar  «barM*er.     It  is  ^a*  wcO  adapted  for 

Hie  Osog«  eomBti*  of  a  hoUer  proTidcd  with  a  Bucn>- 
in*4«r  wrvw  aad  tluoible.  The  s<t««  has  a  movenieni  of 
tbr«»-t«oths  of  an  ineb;  and,  bv  the  uat  of  the  extetision 
rod*  fomisbcd,  meBsanments  from  3  to  6  inebos  may  b* 
madn  by  thimstandtb;  of  an  ineli. 
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The  extension  rods  vary  by  iafh.es,  and  should  be  read- 
justed only  when  the  point  of  Ibe  rod  has  become  worn. 

Provisjon  is  made  for  ndjiislinent  lo  compensate  for  wear 
of  the  sei-cw  and  measaring  surfaces.  The  measuring  stir- 
faces   are   hnrdened. 


iklliiiaililii 


•Ha 


^mL 


a 


Fi8.   84. 

The  mierometer  gauge  illustrated  in  Fig.  94  is  designed 
for  intei^al  measurements  of  larjje  cylinders  niid  uf  dis- 
tances between  uprights.  The  body  of  the  tool  is  a  steel 
tube  provided  with  a  binding  chuck  on  each  of  its  ends. 
Into  one  end  is  elamped  a  plain  rod,  which,  when  the  chuck 
is  loosened,  can  be  quickly  adjusted  to  any  approximate 
size.  Into  the  other  end  is  screwed  a  tlireaded  anvil  for 
fine   adjustment. 

To  eel  the  ^uge  it  is  only  necessary  to  loosen  the  chuck 
tliat  clamps  the  wire  rod,  slide  the  rod  out  or  in  to  the 
required  size,  aiid  clamp  it.  If  not  quite  correct,  loosen 
the  rhuek  on  the  opposite  end  and  turn  the  anvil  out  or  in 
what  little  is  needed. 

Caliper  Gauges. 

The  Caliper  Gange  shown  in  Fi^.  95  is  hardened  and 
protind  accurately,  one  end  for  outside  and  the  other  for 
inside  measurements.  By  their  nse,  mistakes  in  the  settiagr 
of  emlitters  and  variations  in  measurements  may  be  in  a 
grmMt  measure  avoided.  Their  form  jjives  lio:htness  and 
strength,  making   them  preferable   to  plugs  and   rings  for 
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frequent  use.    As  furnisliing  convenient  and  reliable  Etuii< 
ud  sizes  for  every  day  use  in  the  workshop,  they  nre  ol 


Fig.  S5. 
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great  advantage  and  their  use  contributes  to  uniformity  in 
the  prodnetion  of  the  working  parts  of  machinery. 

Sizes  larger  than  three  inches  are  made  in  two  parta 
for  eonvenienee  in  handling. 

Limit  Oanges. 

The  aeeurate  production  of  duplicate  parts,  as  required 
in  the  eoonomical  manufacture  of  machinery,  tools,  instru- 
ments,   etc.,    demands    accurate    Gauges    and,    in    order    to 
teeore  the  most  economical  production,  Limit  Gauges  are 
neeeasary  to  avoid  time  being  wasted  in  finishing  the  work 
andnly  accurate  and  still  leaving  it  so  that  two  or  more 
parts  when  brought  together  will  fit  su£Sciently  well  to  meet 
Rqnirements. 

The  advantages  derived  from  the  use  of  Limit  Gauges 
»re  being  appreciated  more  and  more,  as,  by  their  use,  the 
dme  consumed  in  testing  and  gauging  is  reduced  to  a  mini- 
mon,  and  the  duplication  of  parts  is  insured. 

The  cnts  shown  in  Fig.  96  represent  the  most  common 
form  of  Internal  and  External  Limit  Gauges. 

The  two  ends  of  Gauges  of  this  type  are  of  different 
Jape.  The  workman  is  thus  enabled  to  easily  and  quickly 
iistingnish  the  large  from  the  smull  end  without  looking  at 
the  sizes  stamped   Upon   the   Gauge. 

These  Ganges  are  not  only  used  as  references  for  finish- 
ing op<>rations  but  are  of  great  advantage  in  roughing  work 
tor  finishing.  When  used  in  this  way  the  same  amount  of 
^oA  is  left  on  each  piece,  thus  enabling  the  operator,  who 
Inisbes  the  pieces,  to  work  to  better  advantage  than  if  they 
*CR  of  various  sizes. 

Depth  Ganges; 

The  gauge  shown  in  Fig.  97  is  designed  for  measuring 
"ke  depth  of  grooves,  holes  or  irregular  parts.    It  has  a  one- 
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half  inch  movement  of  the  screw,  reading  in  thousandths, 
and  with  two  one-hnlf  inpb  nnd  one  1  ineb  Btandard  collars 
tu  slip  oil  or  on  the  spindle  'Il't  inches,  reading  in  thou- 
sandths, can  be  obtained.  The 
apHt  nut  is  covered  and  protectctl 
by  ft  graduated  sleeve,  which  not 
only  protects  the  nut  from  dirt, 
hut  provides  a,  quick  undacfunite 
way  ol  taking  up  wear  and  ad- 
justing thp  micrometer  to  insure 
correct  wading.  The  sleeves, 
being  held  hy  a  stiff  friction, 
may  be  rotated  by  a  spannei 
wrench,  accompanying  each 
gauge,  80  that  the  «ero  lines  will 
always  coincide  for  correct 
reading. 

The  head  carries  with  it  a 
knurled  set  Bcrew  for  locking 
the  apindle  to  prevent  changing 
alter  being  set. 

The  Depth  Gauge 
shown  in  Fig,  98  is 
used  to  obtain  the 
depth  ol  holes,  recease* 
in  dies,  distance  from  a 
planesurtaco  to  a  projec- 
tion, etc.  The  blade  is 
5  inches  long  and  one- 
quarter  wide  and  allows 
for  measurements  up  to 
314  inches  being  made, 
and  is  graduated  on  the  front  to  read,  by  means  of  a  vernier, 
to  thousandths  of  an  inch.  The  back  o(  the  blade  ia  grad' 
aated  to  64th8  ot  an  inch. 
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FlS.   98. 

Surface  Gauges. 

Surface  Gauge  shown  in  Fig.  99  in  admirably  adapt- 
lor  Iflrsfc    woik.      Thp   s'eeve    ftiitl    needle    clasp,   ■when 
for  adjusLment,  are  both   held  by  a  slight  spring 
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friction,    and    hy    a    single    knurled    out    both    are   ri^dly  I 
elamped.     For  fine  adjustment,  the  spindle  in   the  base  ia 
raised   or  lowered   by  a   knurled  nut,   and   all  baeklaBb  i»| 
taken  np  bj  a  spiral  spring  in  the  base. 

For  heights  above  12  inches  an  txtensiou  rod  is  provided 
to  roiijde  on  to  the  epindle. 


Pig.  9S. 

Fig.  100  illustrates  a  form  of  nniversal  snrfaee  ^ngs 
whith  hns  a  V-shaped  jrroove  in  one  end  and  another  in 
tbe  base  which  makes  it  adaptable  for  use  on  circular 


Fig.   ini. 
'ig-.  101  illustrotes  some  of  tiif  uses  to  whicli  the  iurfaot 
shown  is  Fig.  100  may  ba  adapted. 
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The  spindle  masses  through  a  rotating  head,  jointeil  to  i 
rocking  brackel,  pivoted  iti  base.  This  bracket  is  adjusleA 
by  a  knurled  screw  in  one  end  against  a  aliff  spring  ia  tie 
other,  the  spindle  may  be  set  upright  or  at  any  angle,  or 
turned  ao  as  to  work  under  the  base  and  be  adjusted  to 
any  position.  The  snug  and  head  ean-yin^  the  seriber  are 
so  made  that  when  (he  clamp  nut  is  loosened,  all  may  be 
freely  moved  to  any  position  and  by  friction  springs  re- 
tained in  place  until  a  slight  turn  of  the  clamp  nut  holds 
them  firm. 

In  the  rear  end  of  the  base  are  two  gauge  pins  frietional- 
ly  held  which  may  be  pushed  to  bear  against  the  edge  of  a 
surface  plate  or  in  the  slot  of  a  planer  bed  for  line  work. 

For  small  work  the  spindie  may  be  removed  and  the 
scribe r  inserlcd  in  the  hole  provided  for  the  purpose,  where 
it  may  be  adjusted  and  used  to  advantage  on  bench  worl 


The  Yeruier  Caliper  and  Its  Use. 

On  the  bar  of  the  Vernier  Caliper  shown  in  Fig.  102  is 
line  of  inches  numbered  0,  1,  2,  etc.,  each  inch  being  divid- 
ed into  ten  parts  and  each  tenth  into  four  parts,  making 
forty  divisions  to  the  inch.  On  the  sliding  jaw  is  a  line 
of  division  of  twenty-live  parts,  numbered  0,  5,  10,  15,  20, 
25.  The  twenty-five  parts  on  the  Vernier  correspond,  in 
extreme  length,  with  twenty-four  parts  or  twenty-four 
fortieths  of  the  bar,  consequently  each  division  on  the  Ver- 
nier is  smaller  than  each  dinsion  on  the  bar  by  one  thon- 
saddth  part  of  an  inch.  If  the  sliding  }aw  of  the  Caliper 
is  pushed  up  to  the  other,  so  that  the  line  marked  0  on 
the  Vernier  corresponds  with  that  marked  0  on  the  bar, 
then  the  two  next  lines  to  the  ri?ht  will  differ  from  eaeh 
other  by  one  thousandth  or  an  inch  and  so  the  difference 
will  continue  to  increase,  one  thousandth  of  an  inch  for 
each  division,  till  they  again  correspond  at  the  line  marked 
25  oa   the  Vernier.     To  read   the  distance  the   Caliper  U 
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open,  commence  by  noticing  how  many  inches,  tenths  and 
parts  of  tenths,  the  zero  point  on  the  Vernier  has  been 
moved  from  the  zero  point  on  the  bar.  Now  count  upon  the 
Vernier  the  number  of  divisions,  until  one  is  found  which 
coincides  with  one  on  the  bar,  which  will  be  the  number 
of  tboasandths  to  be  added  to  the  distance  read  off  on  the 
bar.  The  best  way  of  expressing  the  value  of  the  divisions 
0.1  the  bar,  is  to  call  the  tenths  one  hundred  thousandths 
(.100)  and  the  fourths  of  tenths,  or  fortieths,  twenty-five 
thousandths   (.025).     Referring  to  Fig.  99,  102,  it  will  be 


Fig.  102. 
*«n  that  the  jaw  is  opened  two-tenths  and  three  quarters, 
fhich  is  equal  to  two  hundred  and  seventy-five  thousandths 
(•275).  Now  suppose  the  Vernier  is  moved  to  the  right  so 
that  the  tenth  division  would  coincide  with  the  next  one 
on  the  scale,  which  will  make  ten  thousandths  (.010)  more 
to  be  added  to  two  hundred  and  seventh-five  thousandths 
(.275),  making  the  jaws  open  two  hundred  and  eighty-five 
thousandths  (.285). 
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A  form  of  Vernier  Caliper  is  shown  in  Fig.  103  wliich  is 
graduated  on  the  frout  to  read  to  thousands  of  an  inch 
and  on  the  back  to  64ths  of  an  inch. 


riB.  103. 


The  Oombmation  Bevel. 
Th«  combination  bevel  shown  in  Fig.  104  has  a  etud  rivet- 
ed in  the  straight  edge  stock  or  head,  on  which   its  split 
blade   is   hinged,   so    as    to   swing   over  the   stock,   and    be 
clamped   at   any   angle.     The  slotted   auxiliary  blade   with 


Fls.  104. 

clstnp  bolt  may  be  slipped  on  to  the  split  blade  and  t,^ 
clamped  at  any  de.sired  an^le  and  used,  in  ronihiiiation 
with  the  stock  of  the  other,  for  laj-ing  out  work,  tneasuring, 
or  showing  any  an^le  desired,  and,  when  so  coinbined.  will 
lie  flat  upon  its  wnrk. 
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Fig,    105. 

Ti^.  105  »hows  some  of  the  many  uses  to  which  the  com- 
30  beve)  «bowt]  in  Fig.  1Q4  may  be  pat. 
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The  Protractor. 

A   universal   beve)   protractor  is;  illustrated   in   Fig,  106^ 
The  (Use  is  craduated  in  degrees  from  0   to  90  each  way, 
and  rotates   tbe  entire  circle  on  a  central  stud  inside  thi 
case.     The   blade   which    is    elaniped    by   an   eeeentrie   st 
ajrainst  the  edge  of  the  dise,  may  be  slipped  back  and  fortl 
its  full  length,  or  turned  at  any  angle  around  the  circle  and 
firmly  elnm|ied  at   any  ])oitit,  adaptiner  it  for  work  in  po: 
tiiiEs  where  others  cannot  be  used,  and  rendering  the  eoi 
mon  universal  bevel  generally  used  for  transferring  angl 
unnecessary.     One  side  of  the  stiick   beins;  ftal,  makes  it 
convenient  tool  for  laying  on  paper  in  draftini;,  and  it  Li 
double  the  utility  of  any  other  tool  of  the  kind. 


Tie.  toe. 

The  atlnchmenl  shoivn   in   tlie  smaller  view  in   Fie. 
will    be   found   very   coriveuieiit    for  ;;i'imliri(r  worm   thread 
tools,  tapers  on   liitlie  ecntei-s,  and  all  long  tapers. 
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Fig.  107. 

Vig.  107  shows  some  of  tti?  various  uses  of  the  Universal 
bevel  protrnetor.     A  foi-m  of  Uevel  proLractor  is  illustrated 


'"  ^^.  108  ..-  ^^'*^  ^^yicEs 

'"^O   anA     '  ^^'^^  «-iJi  be  f  i8< 


^le.  108. 


protractor  .-n  h,       • 

rernier  reads  K  «        ^'"«-  '  *^'*''<'"t  re- 

I  ''^•e  minutes 
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It  also  forms  a  convenient  extension  t.o  a  T  square  tmi 
fiL'(|euntly  lakes  the  place  "f  45"  and  60-'  triangles. 

Two  (ilJK't'  styles  of  bevel  jtrolraptors  ai'o  sliowu  in  J'i;^ 
109  ami  110. 


THE  I.  S.STAHBETTCO' 

c 


1^2         l]S       >■«" 


i 

i 


t«i  ■  f 


Fig,  112. 

Oangee. 

The  gaupe  shown    in    Fig.   Ill    is   for  twiat  drills,  fron 
one-quarter  to  onp-hnlf  nn   inrh  in   dinnieter.     Each  size  of 
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drill  is  desifrnateii  by  both  vulgar  or  tornmon  fractions  and 
also  by  flecimal  fraetions. 

Fig.  112  illustrates  n  K"Jipe  for  Number  Drills  from  No,  1 
to  60  inrlusive.     The  size  of  eadi  ilfill  is  ^'ivi'ii  in  ilepiiual 


Fig.    I  13, 

fractions.  Gauges  for  sheiit  metal  niij  jilates,  si  idard 
wire  gauge  and  luasic  or  pianii  wire  gauges,  are  she  ti  in 
Figs-  113,  114  and  115,  respeetively. 

Test  Indicators. 

Tbe  dial  test  imlicatoi  sliuwii  in  Fig,  11(5  is  reliable, 
easily  read  and  very  sensitive.  The  slightest  pressure  upon 
the  contact  point  (iroiluei's  a  nio\-emetit  ■tf  the  hainl  on  tlie 
dial.      The    eireumference   of   the   dial   is   ilivided   into   125 


Flif.    ll-l. 

equal  spaee«,  each  one  representing  a  movement  of  the  con- 
tact point  of  one-lialf  thousandth  of  an  inch.     One  revok 
tion  of  the  hand  therefore  imiientcs  1-16  inch,  and  two  rei 
idiitiona  1-8  inch,  which  ia  the  capacity  <if  the  instrument. 

The  dials  are  figured  in  two 
diSerent  ways.     A   is   marked 
from  0  to  62J,  the  figures  de- 
noting    thousandths,    and    ia 
f"     ^^/^   ^\  o  if'^      most  ueelu)  in  greater  forward 
' — T^S  (  N9  280  I  o  <"cJ      movement,  measuring,  index- 
r'^"^''\  V  "^  "^^7      ing, spacing,  etc,     B  is  marked 

X-J^-'&TTrfi^fy:^^      '™'»  0  to    31 J    to  right    and 

left,  and  is  best  for  general 
use.  By  bringing  contact 
point  against  the  work  with 
just  enough  pressure  to  give 
the  hand  one  full  turn,  then  setlng  it  at  0,  an  oppor 
tunity  ia  given  fur  une  full  revolution  of  the  hand  to  botl 
right  and  left  of  0,  showing  a  rise  or  drop  in  the  work  anj 


Fig    115. 


FiB.  116. 

the  amount  of  variation.  A  most  valuable  feature  ia  the 
ailjirslalile  diiii.  By  turning  Ihe  knurled  rim  the  dial  may 
be  instantly  moved  to  b:i:i;;  the  0  mark  to  any  point  de- 
sired in  relation  to  the  honii.  Each  indicator  is  fitted  with  a 
friction  joint  and  removable  3  inch  rod,  adapting  it  for  use 
in  any  position,  at  the  top,  bottom  or  side  of  the  work, 
also  with  three  hardened  and  ground  contact  points  adapted 
for  different  classes  of  work.  The  special  tool  post  and 
sleeve  as  shown  aliove  are  useful  in  lathe  work.  For  gen- 
eral work  the  indicator  is  adapted  for  use  with  a  9  inch  or 
12  inch  surface  gauge.  On  lathe,  planer,  milling  maeliine 
and  in  setting  up  machinery,  this  tool  will  be  found  very 
useful.  Applications  of  the  dial  test  indicator  are  shown 
in  Fig.  117. 

The  test  indicator  shown  in  Tig.  118  may  be  nsed  to  test 
and  show  the  imperfections  or  truth  of  inside,  outside  or 
surface  work.  It  can  be  instantly  attached  to  the  spindle 
or  to  the  needle  of  any  surface  gauge  and  used  in  oonnec- 
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Fig.  lis. 

tton  «dth  same  to  show  the  slightest  variaiion  in  thou- 
sandths. A  epeclal  holder,  as  sbovn  in  Fig.  118,  is  de- 
signed to  go  in  the  tool-poat  of  a  lathe,  adapting  it  for  use 
lo  sihow  the  aceuracy  of  all  kinds  of  lathe  work,  turning, 
chucking,  or  locating  and  centering  work  on  a  face  plate. 
The  head  of  the  needle  has  three  workin<^  points,  equal  dis- 
tance from  its  fiilcruiii,  so  the  telltale  needle  will  vibrate, 
reading  iu  thousandths,  when  the  work  is  in  contact  with 
eilber  point— in  front,  above  or  below  it.  When  in  front, 
the  spring  operating  the  telltale  needle  needs  to  he  re- 
versed to  throw  point  of  needle  up  instead  of  down  as 
when  need  abave  or  below  the  work.  This  may  be  instantly 
done  hr  a  slight  turn  of  the  disc  to  which  the  vibrating 
■pring  is  attached. 

Speed  Indicators. 

A  form  of  speed  indicator  is  shown  in  Fig.  119,  which  is 
and  in  connection  with  a  watch  to  time  the  speed  of  shaft- 
ing or  tnachinery. 

The  instrument  will  register  5,000  revolutions.  The  large 
dial  is  graduated  into  one  hundred  lines,  each  one  repre- 
•enting  a  revolution  of  the  spindle.  The  small  dial  has 
fifty  lineig  cut   apon  its   face,   each   repreienting  one  bun- 
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dred  revolutions  of  tbe  spindle,  or  one  complete  tnra  of 
the  larjje  dial.  A  spriiii;  fiiigi'i-  trip  oltai'lu'd  lu  tlie  case 
engages  with  one  of  tli?  lines  in  the  small  dial  and  holds 
it  from  revolving  until  the  large  dial  makes  one  eonijilete 
turn,  when  the  trip  pin  passing  nnder  the  spring  tiip  lifts 


FlK.  110. 

it,  and  (he  dial  is  frietionally  carried  along  hy  the  large 
plute  one  linf,  llms  showing  that  one  Imndred  revohilions 
of  the  spindle  have  been  made.  The  instrument  lias  a 
hard  nibber  handle,  making  a  safe  insulator  when  used  on 
cleetrieni  maehinerv.  It  is  provided  with  rubber  tijis  for 
both  pointed  and  hrdlow  centers. 

Fig.  120  18  an  attachment 
to  he  used  in  eonnection  with 
a  sxK?ed  indicator  ot  the  (orm 
shown  in  Fig,  119,  and  speed 
is  designed  to  show  the  num- 
ber or  lineal  feet  per  minute 
the  periphery  of  a  shaft  or 
pulley  is  running  and  thus 
eniible  a  workman  to  know  if 
the  8j)eed  is  trw  fast,  or  is  too 
slow  to  get  the  most  work  the 
tool  will  stand  For  instanre, 
the  speed  of  a,  eone  pulley 

pj-    ion 

being  turned  neeiis  to  be 
changed  at  every  st«p.  Heretofore  it  has  been  all  guesa 
work  as  to  the  number  of   feet  per  miuut«  the  periphery 
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of  the  work    is    traveling.       It    may    be    bo    fast    aa    to 
Wl  and  spoiJ  iho  tool,  or  it  rany  not  be  nearly  fast  enotigli 
1(1  (lerft.irm  wliat  sluiuld  be  (lone.     The  same  is  tnie  when 
shifting  the   tool   from    the   hub    to   the   rim   of   a  pulley. 
The  rubber- banded  indieator  wheel  may  be  instantly  slipped, 
on    tJie    spindle    of    the    speed    indicator,    and    when    held 
airainst    the   peripherv   of  a   shaft    or  pnlloy  a   half  minute 
w  a  Kiiuule,   by   dividing   (he   figures   showinj,'  the   revolu- 
tions oa  the  dial  of  the  indicator  by  2,  the  number  of  feet 
tie  surJai-e  of  the  thing  in  traveling   is  obtained,  as  each 
fpvoliitiun  of  the  imlifator  wheel  shows  six  inches.      Twice 
eround  is  thet^fore  equal  to  one  foot. 


Fig.  121. 

A.  tachometer  or  atito?natic  speed  indicator  is  kIiowii  in 
Vig.  121.  This  device  indicates  the*  speed  of  a  shaft  or 
any  rotating  body  in  revulntions  per  minute,  without  the 
aid  of  a  watcli.  Tt  will  al.i^o  an'omatieally  indicate  any 
variAtion  or  fluctu.ition  in  the  speed  of  the  machine  being 

Tfic«e  instruments  have  been  designed  for  the  purpose 
•f  n.-ieertaining  at  n  glance  the  nnniber  of  revolutions  made 
Uv    nitalin;^  shafls.     Their  construct  ion  is  based  upon   «en- 
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trifugfti  force,  and  ihey  consist  of  a  case  in  wliicb  aw 
mo  mi  ted  a  pendulum  ring,  in  conuection  with  a  fixed  shaft, 
a  sliding  rod  and  an  indicAtiDg  movement. 

The  apparatus  is  very  sensitive  and  ■will  indicate  the 
slightest  deviation  in  speed. 

Tachometers  have  been  applied,  with  great  success,  to 
electric  light  engines,  flour  and  cotton  mills,  and  can  he 
used  to  advantage  on  all  machinery  of  which  it  is  essential 
to  knew  at  all  times,  the  exact  speed  at  which  it  is  moring. 


L 


A  good  workman  will  always  have  a  go«d  kit  of  toolsj 
'n  which  he  will  take  pride.  As  a,  man  is  known  by  the 
'■oiufuiiy  he  keeps,  so  will  a  machinist  be  Judged  by  the 
'I'lnitier  and  qualify  o£  the  tools  in  his  kit.  A  machinist 
'*'lio  liiis  a  complete  kit  of  tools,  will  not  only  get  a,  ]oU 
Bore  readily  but  is  liable  to  hold  it  Jonger  than  a  ine- 
Mnie  who  carries  his  outfit  of  tools  iii  his  pockets. 

some  large  shops  the  workmen  are  funiislied  with  a 
4t  many  of  the  tools  they  use,  on  account  of  the  special 
er  of  the  work  in  hand,  but  in  small  or  jobbing 
the  machinist  who  has  the  best  and  larj^est  kit  of 
'•►"Is  naualty  gets  the  best  jobs.  The  tools  illustrated  Jiere- 
""h,  are  not  shown  as  being  a  coin|jlete  outfit,  liut  are  of 
''Uffleient  variety  to  enable  a  mechanie  to  forai  some  iJea 
OS  lo  the  class  of  tools  necessary  tor  general  and  even  for 
wme  kinds  of  special  work. 


BeTftl  Protractor.  The  blade  of  the  protractor  shown  in 
f^ii'.  122,  closes  in  tlie  stock  either  way  against  a  stop, 
™kinj;  a  perfect  square,  plumb,  and  level.  The  turret  is 
|Ri4ualed  on  both  sides,  one  in  degrees,  the  other  to  show 

201 


wz 


MAOHIxNE  SHOP  PRACTICE 


pitch  to  the  foot,  so  Ibiit  the  blade  may  be  set  by  the 
graduation  for  laying  off  angles  to  any  degree  or  any  pitch, 
and  the  opiwsile  branch  of  the  stock  will  be  right  to  lay 
out  the  complementary  angle  without  mental  calculation 
or  error,  for  valley  roofs,  bridge  work,  stair  gauges,  e 
The  levels  are  so  arranged  that  work  can  be  leveled  up 
any  degree  or  pitch  underneath  or  on  top  of  a  roof,  rafter, 
stair  stringer,  etc. 

As  a  square  or  protractor  with  the  sliding  blade  it  can  be 
used  in  places  wliere  a  fixed  blade  could  not  and  is  a  sub- 
stitute for  a  kit  of  squares  from  the  shortest  to  the  foil 
length  of  blade,  making  a  depth  gauge  for  st|uaring  in 
mortises  and  transferring  measurements.  It  may  be  used 
in  place  of  the  carpenter's  old  time  steel  square  with  the 
advantage  of  being  packed  in  a  chest  without  taking  up 
so  much  room. 

Without  the  blade  the  stock  may  be  used  in  contracted 
places  as  a  6-inch  level  and  plumb,  while  with  an  18  or 
24-inch  blade,  a  level  and  plumb  of  corresponding  length 
is  obtained. 
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It  Mnsists  of  a  stock  and  disc,  both  slotted  to  receive 
tie  blade,  which  folds  in  the  stock.  The  bhide  attached 
to  the  graduated  rotary  disc  may  he  seeuucd  at  any  angle 
from  0  to  90  deprees,  and  by  loosening-  the  clamp  eerew 
it  my  be  shortened  or  extended  full  length,  or  removed 
for  a  Btraigiit  edge. 

The  wurkinj  face  of  the  stock,  extending  both  sides  of 
ihe  hliide,  admits  of  its  being  reversed,  so  that  the  same  i 
ingie   may    be    laid    off    in    opposite    dirt'clionti    without' 
shaapai;  the  angle  in  the  tool,  thus  requiring  but  oue-qnar- 
tfir  of  a  graduated  circle  to  obtain  all  angles  both  ways. 
At  90  degrees,   the  blade  brings  up  against   a  casehard- 

ened  screw,  accurately  adjusted,  thus  forming  a  try  square. 

By  holding  the  blade  perpendicular,  a  plumb.     By  folding 

the  tool,  a  level  the  full  length  of  the  blade. 


FlE.  1Z4. 

BeveL  The  advantages  of  the  form  of  bevel,  shown  in 
Fig.  124,  over  other  tools  of  this  kind,  consist  in  its  having 
,  not  only  the  blade  slotted  but  the  stock  as  well,  tlius  admit- 
adju.<itmei)ts  that  cannot  be  obtained  with  an  ordinary 
t\.  The  clamping  screw  head  is  let  into  a  rabbet,  flush 
"iritb  the  surface  of  the  stock,  which  lies  flat  on  the  work. 
Spring  Calipers.  The  calipers  shown  in  Fig.  125  may  be 
s«<l  with  cither  plain  or  spring  nut  as  shown.  The  view 
«t  the  right  in  tJie  cut  shows  a  new  inside  transfer  caliper 
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with  pitlier  a  sprin«j  or  solid  nut.  The  bow  is  Btiff,  making 
the  cnliper  reliable.  After  calipering  the  inside  of  a 
cbambcred  cavity  by  springing  in  the  legs  they  may  he 
withdrawn,  and  as  they  spring  back  they  will  show  tha 
exact  size  of  of  the  opening  callp«red. 


Fig.  12  B, 


Screw  Thread  C^iperes.  Figures  126  and  127  shov 
\'iews  of  both  outside  and  inside  thread  calipers  with  «oli<] 
adiusiting  nuts. 

Keyhole  Caliper.  What  is  known  as  a  keyhole  ealipt-r 
is  illustrated  in  Fig.  12S,  This  caliper  may  ho  put  to  a 
variety  of  uses  and  is  an  extremely  bandy  tool.  If  the 
straight  leg  be  ground  off  to  a  point  it  makes  an  excellent 
Hermaphrodite   caliper. 

Firm  Joint  Caliper.  The  improvement  in  the  calipers 
ehowu  in  Fig.  129  consisis  in  the  construction  of  the  ioint. 
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Pig.  127. 


which  is  so  made  as  to  be  drawn  togethor  by  means  of  a. 
srrew.  The  main  stud  is  squared  and  fitted  to  one  leg,  thus 
preventiiiE:  the  stud  from  turning  when  loosening  and  tight- 
enin);,  and  insuring-  a  smooth  and  uniform  friction,  of  more 
or  leiis  tension  to  suit  the  user. 

Adfostable  Firm  Joint  Calipers.  Tlie  calipers  s!iown  in 
Hg,  130  can  be  instantly  adjusted  to  their  fidl  extent, 
■nd  as  quickly  locked  firm  Iii  the  joint,  and  yet  provided 
wiih  a  sensitive  adjustment.  The  improvement  consists, 
ffrst,  in  a  socket  joint  made  tapering,  and  locked  or  re- 
leased  tiy  s  partial  turn  of  the  knurled  disc  drawing  it 
together.  A  spring  washer  under  the  disc  maintains  an 
easy  friction  in  the  joint  when   unlocked. 

In  t!ie  nnder  aide  of  the  short  arm  is  a  slot  containing 
t  stiff  spring.    Eiveted  into  the  middle  leg  and  projecting 
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through  an  opening  in  the  ami,  is  a  threaded  stad  on 
which  ia  a  knurled  nut  having  ft  beveled  hub,  bearing 
against  a  cone  in  the  arm,  the  action  of  the  spring  holdiiu; 

them  together  turns  the  nut, 
presses  them  apart  and  ad- 
justs the  leg  when  the  point  is 
locked.  As  the  spring  takes 
up  all  backlash  the  legs  are 
ron  acq  uentl.v  firm. 

Caliper  Rule.      A   caliper 

rule  or  scale  is  shown  in  Fig. 

131.     It  may  be  set  to  any 

1  xX.  desired      meaaureraent     and 

I  ^V-\  locked  ill  position  by  the  but- 

II  ^V  A  *""  shown  in  the  drawing. 
y                  \\  Caliper   Square.    The  tool 

'  Xsi  shown    in    Fig.    133    bos   a 

double  Junction — being  grad' 
uated  to  read  the  circmati 
ence  as  well  as  the  dtamei 
of  the  article  measured,  the 
relation  of  circumference 
to  diameter  being  8ho< 
by  the  graduations  on  up] 
^'«-  12^'  corners  of  tlie  rule.     The  ru 

is  graduated  in  82ds  of^an  inch  standard  and  16th8  ol  an 
inch  circumference  measure.  All  corners  of  the  tool  are 
rounded  smooth  to  make  it  fit  to  cany  in  the  pocket  am 
agreeable  to  handle.  The  circmnference  measure  will 
sist  in  calculating  how  many  feet  a  minute  the  cutliny 
tool  in  a  lathe  is  doing  on  any  diameter  within  the  scope 
of  the  rule  and  so  help  to  determine  whether  the  tools 
should  have  a  faster  or  slower  speed. 


te^ 


iwn^ 

Tll^ 


Rule.     Multiply  the  circumference   shown   by   the  gaui 
bj  the  speed  the  lathe  runs  per  minute  and  the  result  will 
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bIiow  the   mimbor  of  inches  per  iniimte  the   circumferenee 
is  running  aad  the  tool  consequently  cutting. 


Fig.  131, 


Pig.  ^32. 


Center  Punch,  The  eenter  punch  shown  in  Fig,  133  is 
entirely  new  in  design  and  combines  features  that  make  it 
much  more  convenient  for  laying  out  work  to  be  machined 
or  drilled  than  the  ordiaaiT  center  punch  and  hammer. 

The  tool  is  of  steel  and  is  entirely  self-contained,  the 
strildug  mechanism  heing  enclosed  in  the  knnrled  handle, 
which  is  of  such  a  size  and  form  as  to  be  held  conven- 
iently in  the  hand. 

A  downwiird  pressure  releases  the  striking  block  ajid 
makes  the  impression.  The  pnnch  marks  are  of  unifonn 
depth  and,  therefore,  easily  and  accurately  followed. 
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Pig.  133. 

riie  points  can  be  taken  out  for  grinding  and  are  easily 
bkced   if  broken. 

Oombination    SqtiaTe.      With    the    adjustable    scale    the 
are    shown    in    Fig.    134    forms    one    of    the    tuost   con- 
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pig.   134. 

it  and  useful  toots  for  mechanics'  use.     It  is  also  a 
titnte  for  a  set  of  eommon  trj'  squares,  and  is  one  of 
best  gauges  made  for  transferring  exact  measurements 
or  laying  out  work.     It  is  convenient  for  a  depth  gauge, 
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or  to  square  ill  a  mortise,  while  with  an  auxUiaiy  center 
head  it  forms  a  centering  square,  both  inside  and  outside. 
Depth  Gauge.  The  wire  in  the  gauge  illustrated  in  Fig. 
135  is  held  in  a  groove  by  a  friction  spring  inside  the  nut 
■while  adjusting,  and  may  be  ujscd  (Jose  to  the  end,  as  well 
as  in  the  middle  of  the  straight  edge. 


\^ 


r^  -,   ^h^i^w^ 


PlB.  135, 


•    •     • 


CO 


>^^^■>:='^^^^^^^>'^^^^^ 


Fig.  136. 

By  loosening  the  nut,  the  gauge  may  be  neatly  folded. 

Drill  and  Wire  Gauges.  A  standard  drill  gauge  is  ehown 
in  Fig,  1.36  which  will  measure  drills  from  one*sixteentli 
to  three-eighths  of  an  iueh  diameter,  A  standard  vii* 
gauge  is  illustrated  in  Fig.  137  which  has  a  range  from 
No.  6  to  No.  36  wire. 
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Dividers,     Two   foi-ms  of  spring:  dividers  are  shown 
rig.    138,    with    solii!    adjust inp:    nuts.     A    spring    nut    as 
shown   in    the  drawinn:  may   lie   used   instead  of  the  solid 
auts.     One    of  tlie   spring  dividere  is   fitted   with, 
handle  or  twirler. 

Hammers.    A   m4rhini8t'8  haium^ 
straijj'ht  Hnd  linll-i)«;]s  is  illustrated  in  Fig 
139.     This  is  the  form  o(  hammer  most 
generaly  used  by  maohiuists  for  all  roi 
work. 

Key   Seat  Eule.    The  device  shown 
Fig.   140    is    designed    to  transform 
common  steel  aciile  into  a  key  set  rule. 

They  can  be  put  on   or  oS  almost  in- 
stantly, and  are  a  complete  suhstitute  (or 
Fig.  139.  a  more  costly  tool. 

They  may  he  used  with  a  comhination  square  blade, 
with  any  straight  rule,  with  accurate  results. 


m^^n^^ 

Fig. 
nost 

an'   1 


Fig.  140, 

Hand  Vifl«s.  Two  forms  of  band  vises  are  shown 
Fig,  141.  These  are  very  useful  tools  for  holding 
work.  The  vise  shown  jii  the  upper  view  is  fitted  with  a 
handle,  while  the  one  in  the  lower  view  is  intended  to  be 
held  in  a  bench  vise. 

Iieirels,     The  level  shown  in   Fis.  142  is  so  constructed 


MACniNISTS'  TUOLS 


213 


that  it  cnn  he  accurately  adjusted,  and  when  so  adjusted 

is  niit  liable  to  get  out  of  Irutii,  the  vial  being:  set  in  tubes 

baring  solid  ends  which 

We  firmly  clamped   to 
,  the  base.      The   outer 

lube  may  he  turned  so 

*8  to  protect  the  glass 

when  not  in  use. 
la  lining  up  shaltinj; 

w  erecting  machinery  ii 

fevd  is  absolutely  in- 

difpeoiiible. 
Hicrometers.  A  small 

tuii'hjmeter  reading   to 

thousandths  of  an  inch, 

M  sLown   in   Fig.  1-13, 

•hould  be  a  part  of  every 

ttiarhiniat's   kit  as   its 

uses  are  many  and  Pig.  m. 

wried,  more  especially  on  small  work. 

Fliers.  In  the  (mtting-plier  illustrated  in  Fig.  144,  the 
j««rs  are  detachable,  so  that  Ihey  eau  be  removed,  ground, 
and  adjusted  when  Ihey  have  become  worn.     Each  jaw  can 


Fig,   142. 

b«  ground  away  to  the  extent  <>{  tme-qnarter  of  an  inch, 
remaining  as  ^od  as  new  for  practical  use,  and  when  used 
up  n«w  jaw8  can  be  procured. 
A  smew   througij  the  jaw  engages  wit.K   a   spline  in  the 
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Fir  i«s. 


frame  and  draws  the  jaw  Brmly  down  to  the  toothed  seat, 
holding  it  securely. 

Another  feature  in  this  cutting-plier  is  a  flat  spring  he- 
low  the  cutting  edges  and  over  the  joint,  forming  n  yield- 
ing seat  for  the  end  of  the  wire  to  press  against  while 
being  cut.  This  obviates  the  danger  of  breaking  the  jaws, 
as  often  happens  with  other  styles  of  jjliers  which  allow 
the  wire  to  be  inserted  against  a  solid  surface. 


Flff.  144. 

A  pair  of  flat  pliers  or  nippers  are  shown  in  Fig.  U5, 
which  may  be  put  to  a  great  many  uses,  especially  when 
assembling  small  work. 

Flnmb-bob.  A  plumb-bob  sach  as  shown  in  Fig.  146  will 
be  found  to  be  an  invaluable  adjunct  to  a  kit  of  tools.    In 
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rts-  t«fl. 


Pig.   14S. 

lining  up  shafting 
from  one  tloor  to  Bn- 
Other  and  sometimes 
in  erecting  machin- 
inery  its  use  will  be 
found  to  be  almost 
indispensable. 

Surface   Gauge. 

The  gauge  illus- 
trated in  Fig.  147  has 
in  addition  to  the  V- 
shaped  groove  in  the 
end,  a  corresponding 
groove  in  the  bottom 
adapting  the  gauge 
tor  uae  in  cylinder- 
ical  work.  It  is  also 
provided  with  two 
gauge  piua  in  the 
rear  end  of  the  base 
that  can  be  pushed  , 
down  and  used 
against  the  edge  of 
the  plate  or  the  side 
of  the  T  slot. 

The  post  swivel  can  be  set  and  rigidly  clamped 
in  any  position  from  the  vertical  to  the  hori- 
zontal, and  the  ecriber  used  below  the  base 
BA  a  depth  gauge. 


A 
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The  scriber  has  a  fine  adjustment  tbat  can  be  nsed  after 
the  slitiiDg  block  is  set  at  tlie  approximate  height.  This 
device  is  simple  and  cannot  get  ont  of  order.  The  ad- 
justment is  made  by  means  of  the  large  knurled  nut,  gbown 
in  the  drawinij.  which,  when  turned,  revolves  the  Bcribfr 
clasp  slowly  and  continuously,  and  allows  the  scriber  to  bf 
Bet  at  any  position  within  its  range. 


( 


Fig.  146. 

Screw  Drivers,  Figure  148  shows  a  pocket  screw  drive*' 
and  brad  awl  made  ia  one  piece,  this  being  teleseopcd^ 
within  the  handle  when  not  in  use.  The  shajK  of  the  han^ 
die  cjiables  it  to  be  used  as  an  emergency  wrench,  whirb- 
is  often  of  the  neatest  convenience. 

It  lakes  the  place  of  a  number  of  tools  usually  carried 
in  a  kit. 


Pie.  lis. 
The  screw  driver  shown  in  Fig.  149  has  a  knurled  hard- 
wood handle,  large  enouph  to  fill  the  hand  and  give  lev- 
erage. Its  steet  shank  has  a  socketed  end  to  which  is 
fitted  a  set  of  three  screw  driver  tips  of  different  etzes, 
adapted    for   screw    heads    from    very   small    up   to   three- 
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eighths  of  an  inch,  EUliei-  siw  may  be  instantly  with- 
drawn and  another  laser. cd,  thus  aupplyin;;  a  full  set  of 
screw  drivers  at  a  fraelion  of  Ibc  cost  of  others  requiring: 
BB  many  handles  as  drivers.  The  tips  arc  shaped  and  tem- 
pered so  as  to  give  the  greatest  strengtK, 


PIb.  IBO. 

A  plain  wood  handle  screw  driver  is  shown  in  Fig,  150. 
Tliis  is  fl   \ery  usffut  bench  loot. 

Screw-Pitch  Oaiiges.  The  gauge  shown  in  Fig,  151  has 
the  toUowing  pitches:  4,  414,  5.  5I/2,  6,  7,  8.  9,  10,  11, 
Ufe  12.  \3,  14.  1.^,  16,  IS,  20,  22,  24,  26.  27.  23,  30.     The 


Pig.  151. 

iMth  are  sharp  and  clean  cut,  and  it  can  he  used  inside 
"f  a  titit  as  well  as  on  the  outside  of  a  screw  or  bolt.  It 
1*  »l»o  a  convenient  and  reliiible  tool  to  use  as  a  60-de- 
pw  center  gauge  and  gaujre  to  test  the  grinding  of  either 
to  inside  or  <iulside  Ihroading  tool. 

Steel  Scales  or  Rnles.     Figure  152  illustrates  a  luaehin- 
kt's   pocket    scale    or    rule.      These    are    "nada    in    different 
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lengths  and  thickness,  and  may  be  had  graduated  in  icdies 
or  in  millimeters. 


I|ljl|l|i|l|l{i|l|lji|l|l|l 


i|i|i|i|l|i|i]fl 


Pig.  153. 

Standard  Siinare.  In  the  square 
Bhown  in  Fig.  153  the  blade  ia  not 
rivited  or  soldered  to  the  stock,  but 
is  firmly  held  by  a  bolt  and  nut, 
by  means  ol  which  the  tool  can  be 
readily  taken  apnrt,  and  when  worn 
the  blade  and  stock  can  lie  regraunii 
or  lapped,  and  put  together  again  as 
as  new. 

Thiead-aa,nge.  The  gauge  illustrated  in  Fig. 
154  is  used  for  setting  screw-cutting  tools  and 
testing  lathe-centers. 


good 


3* 


Pig.  154. 

Tram- points.    The  tram-pointB  shown  in  Fig. 
155  are  made  of  bronze  metal,  with  forged  and 
hardened  steel  points. 
Either  point  can  be  removed,  and  the  pencil 
Pig.  152.         socket  accompanying  each  pair  put  in  its  place. 
The   tram-points  are  adjustable  like  spring  dividers. 
Try  Square.    The  square  shown  in  Fig.  156  has  cone«v« 
depressions  in  each  side  of  the  stock,  which  not   only  re- 
duce ha  weight  but  make  it  more  convenient  to  hold  be- 


Fig.  155 

en  the  thumb  and  fiuger 
while  being  used.  The  stock 
is  caiebardened  and  the 
bUde  bftrdened  to  a  spring 
temper. 


Fig.  156. 


Wrenclies.     Tn  jobbing  sbojis  and  un  repair  work  a  mon- 
kcy-wreucb  ia  a  very  uecessurv   tool,  but  in  Inrge  fnctories 


Fig.  1ST. 

wbo  manufactni'e  specialties  sets  of  standard  spanner 
wnnehes  are  provided  for  each  workman.  A  standard 
type  of  monkey-wrench  is  illuBtrated  in  Tig.  157. 


i 


AlglllMr  Bit-Stock.  The  nniversal  angular  bit-stock 
Anm  in  Fig.  158  is  to  be  used  in  connection  with  a  brace 
Old  Ut  for  boring  holes  in  places  where  the  brace  and  bit 
amdd  not  be  nsed.    It  can  be  varied  in  any  position 


Pig.  158. 

Irom  a  straight  line  parallel  with  the  brace  chuck  to  the 
'Ogle  shown  in  the  cut.  The  ability  to  vary  the  angles, 
'ither  at  the  commencement  or  daring  the  operation  of 
•wring  a  hole,  is  an  important  feature  of  this  tool. 

ArboTB.  Mandrils  or  arbors  should  have  tfieir  centers 
*>  formed  as  to  leave  a  recess  or  counterbore  about  the 
tonntersink  in  their  ends,  the  object  being  to  prevent  the 
blows  given  to  drive  the  mandril  into  the  work  from  in- 
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juring   tlie   centers   and    thereby   causing  tlie   work  to  mn 
out  of  true. 

Belt  Clamp.  The  belt  clamp  shown  in  Fig,  159  Ucs 
ciitTupnteii  and  beveled  jaws  wliicli  insures  a  strong  grip 
to  belting. 

The  frame  is  made  of  Rock  Maple,  and  the  screws  of 
the  best  wrought  iron  with  square  head  and  qmck  pitch. 

These  clamps  are  used  for  tisrhteninf;  and  putling  to-  • 
gather  large  belts,  and  is  one  of  the  best  clamps  made, 
combining  strength,  simplicity  and  cotjvemence.  No  shop 
should  be  without  them,  as  once  taking  np  a  belt  will  fre- 
quently save  its  cost. 


All  file  clamps  are  made  with  iron  screws.  They  are 
rapid  working  tiiid  durable, 

£elt  aiid  Lace  Cutters.  These  arc  an  indispensable  arti- 
cle in  ilic  shop.    Fig.  !(>(•  shows  two  foims  of  such  tools. 

Bench  Shears.  The  shear  illustrated  in  Fig.  161  baa  the 
capacity  of  cutting  any  length  or  width,  and  3-16  inch  in 
thickness.  A  prominent  feature  is  in  the  adjustment  of 
the  shear  arm  by  means  of  an  eccentric  at  the  back.  With 
this  arrangement  a  jrreater  or  less  deerree  of  angle  cm  be 
quickly  given  to  the  blades,  so  that  in  cutting  thin  slock 
it  will  not  curl  the  metal.  The  leaglb  of  the  blades  itscd 
are  three  inches.  It  has  a  gauge  on  the  table  for  cutting 
angles,  and  one  on  the  arm  for  gauging  the  wiiltb  to  be 
cut,  with  the  standard  divisions  marked  on  the  bar.  Also 
a  chimi)  for  holding  down   the  metal. 
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Blacksmith's  Drill.  This  machine,  shown  in  Fig.  162, 
is  designed  for  carriage  makers  and  heavier  blacksmith 
work.     It  is  huilt  heavy  and  has  a  Iar<?e  capacity. 

It  will  drill  ft  iX-inch  hole  to 
the  center  of  a  16-incli  circle, 
4X  inches  deep. 

The  greateet  distance  from  the 
spindle  to  the  table  is  22  inches. 
The  drill-socket  screws  on  to 
the  spindle,  atid  takes  a  drill 
with  41-G4  inch  round  shank. 
It  Cftn  be  removed  and  a  Uni- 
versal Chuck  put  on  in  its  place. 
The  drill  has  an  automatic 
[ced,  a  8wing-table  11  inches  in 
diameter,  and  grinding  attach- 
ment. 

The  drill  has  two  speeds  which 
are  obtained  without  changing 
the  crank.  This  gives  high 
speed  on  the  balfince  wheel  all 
the  time.  The  change  is  made 
in  an  instant  by  turning  the 
email  lever  to  the  right  or  left. 
Blacksmith's  Torge,  The 
forge  illustrated  in  Fig.  163  if 
an  ingenious  invention  as  re- 
gards the  three-piece  construc- 
tion lor  producing  a  regular 
and  continuous  positive  blast 
The  lorge  ie  constructed  from  struc- 
tural steel,  making  it  strong,  stif5E  and  light.  The  ma- 
chinery is  all  inclosed  in  an  oiNtight  casing,  and  entirely 
noiseless.  It  has  no  belts  or  friction.  It  is  fitted  through- 
out with  ball  hearings.     It   can  be  taken  apart  for  traos- 


Flg.  162. 

with    great    easCi 


Fig.  IU3. 

jwrtatinti  and   again   set   up   fnr   use   in   several   moment!.. 

The  fnrsie  is  niljifyteil  for  ijovctniiiont  use,  eluviitet)  iiinl 
r*Piim  railroads,  bridge  and  tank  btiililers,  miners  and  pros- 
\pteU>Ts,  boiler  repairers,   or  any   poi'table  work  TCquiring 
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compactness  and  lightness,  with  &  strong  blast.  If  neces- 
sary, it  will  produce  a  blast  to  weld  3^2  to  4-inch  iron  in 
ten  minutes.  The  crank  to  produce  the  blast  can  be  turned 
either  way. 

Blacksmith's  Tools,  The  effect  of  blows  delivered  upon 
forged  work  by  the  blacksmith 's  tools  is  not  only  greater 
upon  the  exterior  than  upon  the  interior  of  the  metal,  but 
is  greatest  upon  that  part  of  the  forging  which  receives 
the  most  working,  and  upon  that  part  which  is  at  the 
lowest  temperature  during  the  finishing  process:  because 
the  blows  delivered  during  the  finishing  process  are  lighter 
than  those  during  the  earlier  stages  of  the  forging,  and 
hence  their  effects  do  not  penetrate  go  deeply  into  the 
body  of  the  metal.  Then  again,  on  that  part  of  the  metal 
which  is  coolest,  the  effects  of  the  light  hammering  do  not 
penetrate  so  deeply;  and  from  these  combined  causes,  the 


Fig.  IB*. 

tension  is  not  equally  distributed  over  the  whole  surfaev 
of  the  forging,  and  hence  its  removal,  by  cutting  away  the 
outer  surface  of  any  one  part,  and  thus  releasing  the  ten- 
sion of  that  part,  alters  the  form  of  the  whole  body,  which 
does  not,  therefore,  assume  its  normal  shape  until  the  outer 
skin  of  its  whole  surface  has  hecn  removed. 
Breast  DriUs.    The  drill  shown  in  Fig.  164  has  ball  beu^ 
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ings,  nickel  plated  stuck  and  chuck,  eoeoboln  handles,  ex- 
tension erank,  alligator  jaws,  which  hold  both  round  and 
tqexre  shankB,   and   a   level   attachment   to  enable   the  op* 


_  Fig.  aee. 

Fig.  105. 

to  see  when   the  tool  is  held   true.     The  gears  are 
are  changeable  from  1  to  1  to  3  to  1. 
'fce  breast   drill  illustnitcd   in   Fig.  1G5  has  all  the  ed- 
tagw  of  the   one  shown   in   Fig,  166,  and   in   addition 
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has  a  wide  I'iraraed  gear  to  he  j^rasped  between  the  tli 
and   fingers  when   the  diill   ts  useil   for  ilclicate  work.     lo 
this    matiner    it    eim    he    run    witlmitl    liability    of   breaking 
the   drill    points.     It   is  donhle-^reared   and   11 V2  inches 
length. 

Breast  Drill  Attachment,     The   drill   shown  in   Fisr.  1 
is  desi^nitd  tii  Mjijily   In  a  brenst  drill,  so  as  to  convert  it 
into   a   drill    press  or  bench   drill.     The   ilhjstratioti   sho 
n  bwast  drill  thus  converted. 

The  bench  elamp,  vise  rest  and  frami^  are  oli  clamped 
to  the  main  standard,  aiu!  can  he  moved  up  and  down,  or 
Bwmig  to  the  right  or  leit,  and  by  means  of  the  thumb 
screws  provided,  clamped  or  secured  at  any  desired  poi 

The  vise  is  iinng  on  a  pin  which  is  off  the  eenter.  so 
to  give  the  operator  the   advantage   o£  a  variely  of  posi 
tions 


il 

or 


Kig.  IST. 

The  operator  may,  if  desirable,  work  below  the  bench  by 
dropjiinu:  the  frame  and  fixtures  down  on  the  standard, 
and  wcurinij  the  upper  end  of  the  same  in  the  bench 
■lamp.     This  is  very  convenient  in  hieycle  repairin«r.     The 
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duiqW  of  posiljons,  heights  and  adjustments  that  will 
suggest  Ihemseivea  as  necessity  demands,  with  this  tool,  is 
tiumlierless. 

Fig,  167  shows  the  hreast  drill  designed  for  use  with  this 
attaebmeut. 

Center  Drill  and  Gonntersink.  Fi^i^.  lOS  repi-esents  a 
I'liniliined  drill  and  countetsink  for  center  drilling,  the  drill 
and  wunlersink  beinj;;  iu  one  piece.  WTieu  very  true  work 
is  reqttired  it  is  pi-eferable  to  so  shape  the  couutei'sink 
tbat  the  lathe  center  will  first  bear  at  the  smallest  part 
if  the  pone.  This  will  cause  the  countersink  to  wear  and 
keep  ti'ne  with  the  hole. 


Fig.  les. 

If  the  center  drilling  is  to  be  done  by  hand  it  is  very 
Uaportant  to  rela.\  every  few  seconds  the  hold  upon  the 
'ork  sufficiently  to  permit  it  to  make  about  a  third  of  a 
reTolution,  which  may  be  done  while  tfie  other  hand  is 
supplying  oil  to  the  drill.  The  object  and  elTept  of  this  is 
lo  cause  the  center  drilling:  lo  be  true,  wliich  ulberwise  it 
would  not  be,  especially  if  the  work  is  comparatively 
ieavy.  or  heavier  on  one  side  than  on  another. 

Chucks.  Fig.  169  shows  a  new  form  oi  lathe  chuck,  in 
Irhich  the  jaws  are  openited  by  a  rack  and  a  key  pinion. 
This  con.struction  has  many  advantages  over  the  old 
Style,  in  that  the  jaws  are  stronger  and  move  iu  that  part 
of  the  chuck  which  is  attached  to  the  drivint;  spindle. 
Greiit  flrmnesB  is  {gained  to  the  chuck  by  this  arrangement. 
Tlie  threaded  and  working  parts  are  covered  and  thereby 
setrured  from  injury  or  dirt. 

The   chuck  shown  in   Fig.  170  has  projecting  jaws  and 
the    combination  prevents  larger  work  than   the   chuct   is 
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tliree  strong  gibs,  and  the  screws  are  larger  than  rn  any 
chuek  of  this  description.  The  jaws  and  screws  are  made 
from  cas!  steel. 

Fig-,  171  ie;iresents  a  form  of  chuck,  which  may  be  used 
as  an  independent  or  as  a  universal  chuck.  Each  of  the 
screws  for  operating  the  jaws  is  pro\-ided  with  a  bevel 
pinion,  and  behitid  these  pinions  ia  a  ring  provided  with 
teeth,  and  which  may  be  caused  to  engage  with  or  disen* 
gage  from  the  pinions  as  follows;  The  width  of  the  rack 
has  a  beveled  step,  the  outer  being  thicker  than  the  inner 
diameter.  Between  this  ring-  or  rack  and  the  face  of  the 
ehnck  is  placed,  beneiitli  each  jaw,  a  cam  hlock  beveled 
to  correspond  with  the  lieveled  ed^e  of  the  circular  etep. 

Each  cam  block  stem  passes  through  radial  slots  in  the 
face  of  the  ehnck,  so  that  It  may  be  mox'ed  towards  or 
awaj'  from  the  center  of  the  chnck.  "When  it  is  moved  in, 
its  cam-head  passes  into  the  recess  or  thin  part  of  the  cir- 
cular rack  which  then  falls  back  out  of  gear  with  the  jaw- 
screw  pinion.  But  when  it  is  moved  outward  the  cam- 
head  slides  under  the  circular  rack  and  places  it  iu  gear 
with  the  juw-screw  pinion.  To  change  the  chuck  from  an 
independent  one  to  a  universal  one,  all  that  is  necessary 
to  do  is  to  push  the  heads  of  the  cam-blocks  outwards. 

Clamps.  Sleel  chimps  for  holding  work  on  drill-press 
tahles  nr  surface  plates  are  a  very  handy  tool  in  a  shop. 
Fig.  172  illustrates  a  form  of  clamp  much  used  for  this 
jjnrpose. 

Cold  Chisels.  Chisels  are  mmle  from  two  shapes  of  hnr 
steel,  one  of  which  is  octagonal,  and  the  other  of  flat- 
oval  section.  Willi  the  latter  shajie  the  cutting  edge  and 
the  flat  are  parallel,  and  the  broad  flat  is  the  best  guide 
in  holding  the  chisel  level  with  the  surface  to  be  cliipiW. 
Either  of  these  chisels  is  of  a  jirofier  width  for  wrought- 
iron  or  steel,  because  chisels  used  on  these  nielals  1akr>  all 
the  power  to  drive  that  can  be  given  wilh  a  hamnier  of 
the  usual  proportions  for  heavy  chipping,  which  is:  Weight 
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Pig.  172, 

«f  hammer  1%  pounds,  length  of  hammer  handle  15  inches, 
the  handle  to  be  held  at  its  end  and  swung  back  about 
vertically  over  the  shoulder.  If  so  narrow  a  chisel  be  used 
on  east-iron  or  brass  and  given  full-force  haniraer-blowsj 
it  will  break  out  the  metal  instead  of  ■•ulting-  it  and  the 
break  may  come  below  the  proper  depth  and  leave  ugly 
eavitieft.  For  these  metals  the  chisel  should  te  made 
wider  so  that  the  force  of  the  blow  will  be  spread  over  a 
prealer  length  of  ehisei  edge  and  will  not  move  forward 
8©  much  at  each  blow,  and  therefore  it  will  not  bretik  the 
metal  oat.  Another  advantage  is,  that  the  broader  the 
rliisel  the  easier  it  is  to  hold  its  edge  fair  with  the  work 
sorfaee,  and  make  smooth  chipping. 


Fig.  173. 

OonateiboreB.  Pin  drills  or  counterbores  are  used  to 
driil  the  recess  for  the  heads  of  machine  screws.  An  illue- 
Iralioc  of  a  counterbore  is  shown  in  Fig.  173. 
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Deptb  Gaoce.  Fig. 
174  shows  the  be&d 
ot  the  depth  gauge 
together  with  a.  por- 
tion of  the  barrel  And 
rod.  It  will  measure 
to  3  inches  in  depth. 

The  bane  is  about 
7-16  inch  wide  and 
the  lod  about  !•% 
inch  in  diameter, 

A  spiral  spring  in 
the  barrel  forces  the 
rod  against  the  bot- 
tom of  the  hole  or 
recess  to  be  measured 
and  by  use  of  the 
clamp  screw  the  rod 
is  securely  locked  in 
position. 

Dies.  Dies  are 
usually  cut  of  m 
larger  diameter  than 
the  size  of  the  bolt 
the  dies  are  intended 
to  cut.  This  being 
done  to  cauite  the 
dies  to  cut  at  the  cut- 
ting edges  of  the 
teeth  which  are  at  or 
near  the  center  of 
each  die,  so  that  the 
threads  on  each  tide 
Fig.  1T4.  of  each  die  may  act 

as  guides  to  steady  the  diea,  and  prevent  them  from  wahbling 
as  they  otherwise  would  do.    The  lesuli  of  this  is,  that  th* 
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angle  in  the  tliread  in  the  flies  is  not  the  correct  angle  for 
the  (bread  of  (he  bolt,  even  when  the  dies  a'-i*  the  closest 
together,  altbotinh  the  dies  are  nearer  llie  coiTeet  nn.sle 
when  in  that  position  than  in  any  other.  A  very  little  prac- 
tice at  cutting  ihreads  with  slocks  and  dies  will  demon- 
strate that  the  tops  of  the  threads  cut  on  a  bolt  are  larsrer 
than  the  diameter  of  the  holt,  before  the  thread  was  com- 
menced to  be  cut,  which  arises  from  the  pressure,  placed 
on  the  sides  of  the  thread  of  the  bolt,  by  the  sides  of  the 
thread  on  the  dies,  in  eonsequeuee  of  the  difference  in 
their  angles.  Which  pressure  compresses  the  sides  of  the 
bolt  thread  and  causes  a  corresponding  increase  in  its 
diameter.  It  is  in  consequence  of  the  vuriatiou  of  angle 
in  adjustable  dies  that  a  square  thread  cannot  be  cut  hy 
them,  and  that  they  will  not  cut  a  good  V  thread. 


Pig.  t75. 


Drills  and  Drill-holderfl.  Twist  drills,  as  shown  in  Fig, 
175,  are  geueralty  used  in  machine  shops,  and  vary  in  size 
ae«ordiiig  to  the  nature  of  the  work.  In  ordinary  shop 
practice  from  three-eighths  of  an  inch  to  V^  inches  in 
diameter  is  the  range  of  holes  drilled.  Therefore,  the  drills 
•re  made  in  sets,  and  with  each  set  is  a  steel  socket  which 
fita  tie  drill-press  spindle  at  one  end,  and  at  the  other  end 
-the  recess  fits  all  the  di'ills  in  the  set.  They  are,  there- 
f«ge,  interchangeable. 
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Drill  sockets  are  shown  in  the  ilhsBfi-ation  in  Ficr.  176. 

To  enable  the  drill  to  be  easily  extracted  frutn  the 
soeket,  the  latter  is  provider!  ivith  a  slot,  as  shown  in  the 
figure;  this  slot  passes  entirely  through  it.  The  drill  end 
protrudes  into  the  slot,  so  that  if  a  key  or  wedge  be  driven 
into  the  opening  the  drill  will  be  forced  out. 


Flff.  170. 


Drill  G-rindei'S.  For  the  aeeurnte  grinding  of  twist  drills, 
the  (jriniicTs  shown  in  Fit;,  177  will  be  found  to  be  very 
suitable  for  tbe  averaire  nmchine  shop. 

Emery-wheel  DressiBg  Tools.  For  the  purpose  of  re- 
moving; the  ii:[azed  surface  from  emery-wheels,  dressiup 
tools  are  need  as  shown  in  Fig'.  17S.  These  consist  of  Ber- 
rated  or  grooved  disks,  which  are  pressed  against  the  face 
of  the  emery-wheel,  and  moved  baek  and  forth  across  it 

Qanges.  The  gauge  shown  in  Fig.  179  furnishes  the  cor- 
rect form  for  tools  used  in  turning  the  threads  of  worms, 
when  the  worm  wheels  are  cut  with  involute  cutters.  The 
flgure^B  on  the  gauge  correspond  to  I  be  number  of  threads 
per  inch  of  the  worm. 

The  screw  pitch  gauge  shown  in  Fig,  180  will  measure 
the  threads  of  nuts  as  welt  as  of  screws  and  contains  the 
pitches  9,  10,  11,  lli/a,  12.  13,  14,  15.  16,  18,  20  on  one 
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end  and  22,  24,  26,  27,  28,  30,  32,  34,  36,  38  and  40  on  the 
oilier  eiiii. 

The  arrangement  of  blades  hhiged  on  each  end  of  the 
MM  enables  any  desiix-d  number  to  be  tjiiiekly  placed  in 
position  for  nse. 

There  are  22  pitclies,  iiH-Uidins  [lipe  thread  pitches,  llVb 
and  27.  The  S  pitch  may  be  jL'tunuined  by  using  the  Ifi 
pitch  blade. 

The  11  smaller  })itehes  are  on  blades  mnde  narrower  than 
the  11  Inrjrer  ones,  so  I  hat  they  litive  a  voider  rauge  of  use 
in  measuring  the  threads  of  nuts  than 'would  be  the  case 
were  they  all  of  one  size. 

The  gauge  numbers  are  stamped  <m  ihe  outside  of  the 
frame,  as  well  as  on  both  sides  of  each  blade,  allnwing  the 
\iSf.T  lo  determine  the  position  of  a  desired  number  at  a 
cknce. 


Fig.  181. 

t  Saws.    The.ie  frames,  thi-  {j'ames  of  the  saws  shown 

_     1^1.  are  all  made  of  steel,  and  as  seen  in  the  cut 

Mjuslabic  so  as  In  face  flie  lilade  in  four  different  di- 

The  extension  frames  will  hold  different  lengths 

The  solid  frames  only  hold   the  8  inch  blades, 
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this  being  the  length  most  in  use.  They  all  have  staple 
shaped  ]>iiis  to  hold  the  blades  in  the  frame  vhich  ure  so 
arra[i;;(-(l   that    thfy  cannot  fall  out. 

L&the  Dogs.  Figiu-es  1S2  and  183  show  the  ordinary 
form  of  lathe-dog  or  driver,  with  set-screwa  to  wcure  tbein 
lit  the  work.  A  screw-elamp  lathe  dog  is  illustrated  in  Fi-;. 
1.S4  whit'h  has  half-round  grooves  in  tlie  upper  and  Iow?r 
rlamiiing  pieces  so  as  to  hold  the  work  without  loarriii;;; 
the  surface  or  injui'ing  it  in  any  manner. 


Pig.  18U,  Fig.  183. 

Lathe  Threading  Tool.  A  new  form  of  lathe  threading  tool 
IB  ghown  in  Fig.  185. 

Levels.  The  level  shown  in  Fig.  186  has,  in  addition  to 
the  regular  p.TralId  vial,  a  cross  level  which  enables  one  to 
plaee  or  hold  the  base  on  a  shaft  level  in  its  cross  Bectino, 
not  canted  sidewise,  for  the  shape  of  a  level  glass  is  such 
that,  though  true  as  adjusted  on  a  Hat  8urfa«e,  it  will  not 
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be  relwhle  when  ennted  sidewiai?.  Hence  the  value  of  the 
craoB  level,  not  only  lo  test  tlif  Initli  of  shaftiriK,  but  other 
mrfaces  which  teatl  to  throw  ttie  level  into  a  slantiug  poai- 
tioii. 
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Power  Hack  Saw.  The  mnchiue  illustraterl  In  Fi>t.  1 
is  ilesigiipd  for  putliiij;  brass,  iioii  siml  steel.  It  will  cti 
any  size  up  to  4'^  inches  in  dfainetiT,  ami  any  aliapt-  lli 
can  be  held  in  the  vise.  Great  speeil  is  not  claimed  in  cii 
ling,  but  metal  can  be  cnt  more  ra|ii<lly  in  this  mnchini 
than  in  a  lalhe  or  planer,  or  lieatin-;  ami  cutting  by  a 
blacksmith.  By  its  use  a  (rood  iiercpntn^^e  nt'  metal  is  sari 
ns  the  pieces  cut  are  k'ft  smoolU,  and  no  labor  or  met 
is  lost  in  squaring  up.  This  saving  jti  liiRh-iiriced  steel  is 
quite  an  item  in  slock  to  siiy  nothing  of  the  laljor.  The 
blades  nsed  are  Star  hack  saws.  10,  11  or  12  inches  in 
length.  The  machine  should  run  iVum  40  to  45  revoluKons 
pec  minute. 
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Taps.     Maeliinists'  baiul  taps  are  made  in  three  Rtyles: 
Taper,  Plug  and  Bottoming  Taps,  as  shown  in  Fig,  191, 


^ 


immtim 


^ 


Fig.  mi. 

Taps  for  use  in  holes  to  be  tapped  deeply  should  be  of 
slightl.v  larger  diameter  than  llmse  used  to  tap  Rhallow 
ones,  becauste  in  deep  holes  the   tap  is  held  steady  by  its 

pth  in  the  hole,  and  whatever  variation  there  may  be 
the  pitch  of  the  thread.s  in  the  hole  and  tlm.se  on  the 
bolt,  is  experienced  to  an  extent  ns  niiich  greater  as  the 
Jenjrth   of  llie   thread   inereaseB. 


Pis.  192. 


Fig.  193. 


A  short  Hob  or  master  tap  is  illustrated  in  Fig.  192  and 
m  Jlaclune  or  Nut  Tap  in  Fip.  193, 

ViMB.  The  \'i8e  shown  in  Fig.  194  is  designed  for  jewel- 
ers, tool  makers,  and  machiDists'  use.    All  parts  are  drop' 


forged   of  best   steel   for  the   purpose.     The  jnws   bn 
pofsilive    oppning    and    t'losiiig   movement    in    paralle! 
aoliiatert  by  a   ri*;bt   and   left  band  screw,  movin>;  tbi'j 
Binuiltaneonsly  towjiids  or  from  each  other.     A  bole 
tirelj-  through  the  hiintlle  a!)d  the  jnws  will  p'asp  amj 
central,  round    wire   from   one-sisteenth   of   ait   inch 
and    iiidndinCT'   onc-ijiinrter   of   ap   inch   in   diameter.! 
jnws  open   three-<:iiinrtprs  of  an  inch. 
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A  drilling  aUachmont  ivliicli  may  be  adapted  to  vae  with 
iltnost  any  ordiiiai-y  vise  is  shown  in  Fij?.  200. 
A  quiek  opening  fomi  of  paw]  and  ratchet  vise  is  eliown 

in  Fig.  201.     It  also  has  a  awivel  base. 
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Tig.  19S. 

Wrenches.  For  sbopa  engaged  in  the  manufacture  of 
standard  or  duplicate  work,  a  set  of  -wrenches  as  shown 
in  Fig.  2Q2  is  an  altno.sl  indispensable  necessity.     These  are 


Ftg.  200. 

made  in  &U  sizes  from  14  °^  &n  inch  to  1^  inches,  and  in 
the  styles  shown  in  the  drawing. 
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Erecting  Machine  Tools.  When  machine  tools  are  first 
^Meived,  if  they  have  been  shipped  any  distance  in  an  open 
or  box  car,  a  large  amount  of  dirt  and  grit  will  have  ac- 
roinnlated  in  transit.  In  order  to  thoroughly  remove  these, 
the  tools  should  be  taken  carefully  apart  and  thoroughly 
'leaned. 

The  next  thing  to  be  considered  is  the  foundation,  and 
if  on  the  ground  floor,  when  possible,  so  that  the  tools  be 
placed  on  a  stone  foundation.  The  advantages  obtained 
hy  so  doing  will  well  repay  the  extra  cost.  Careful  level- 
ing of  the  machine  after  it  has  been  placed  in  position  is 
imperative.  Be  sure  the  level  is  accurate  and  sensitive, 
and  in  addition  to  this  always  use  a  true  straight  edge. 
With  these  the  machine  can  be  tested  until  known  to  be 
»n-ect. 

The  countershaft  should  also  be  level,  and  in  strict  align- 
ment with  the  main  line. 

One  of  the  most  important  things  in  starting  a  new  ma- 
chine, and  the  one  which  is  most  often  neglected,  is  to  see 
'hat  the  machine  is  well  lubricated,  and  with  a  good  qual- 
''y  of  oil.  The  very  best  oil  is  the  cheapest,  and  should  be 
"Wd  in  generous  quantities,  particularly  for  the  first  few 
Weeks  the  machine  is  running.  Convenient  places  are  pro- 
dded for  oiling  all  bearings,  and  careful  attention  should 
"e  given  to  see  that  all  bearings  and  sliding  surfaces  are 
"U  lubricated. 

If  these  directions  are  carefully  folio .ved  there  will  be 
''We  trouble  about  the  machine  running  properly. 

Bolt  Cutters. 

Bolt-Cntting  Machines  or  Bolt  Cutters  are  employed  to 
'ot  the   threads    upon    bolts.      These    machines    are    made 
255 
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both  single  imd  ilosiblc,  llial  is,  -witli  a  single  or  a  ilorjWe 
head.  Each  head  t-ontaiiis  dii's,  which  are  provided  with 
means  to  chise  thenj  to  out  the  thread  to  tlie  revjuirt'd 
dianieler,  and  in  the  eases  of  siniide  oinchines  to  mil 
backward  to  withdraw  the  dies  from  the  bolt,  while  in 
the  more  iuiiiroved  raaeliineis  the  (lies  are  0[veiied  aulo- 
matiealty  yo  that  the  bolt  eaii  be  witlidrawtt  as  soon  as  the 
thread  is  eut  njion  it.  The  Imits  are  held  in  jaws  or  ehiieks  J 
that  are  moved  by  tiand-wheels  oiierating  light-  aud  left-  ] 
hand  screws  so  that  the  jaws  open  and  close  eqiiallv,  and 
the  boJts  will  he  held  in  line  with  the  thread-outtini;  dies. 
The  bolts  are  usually  mxved  up  to  the  dies  by  levers  aud_ 
sometimes  by  a  rack  and  pinion  motion. 
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rigidly  at  any  desired  diameter,  and  to  open  or  draw  dies 
away  from  the  thread  when  the  catting  is  'completed.  In 
addition  to  the  time  saved,  which  is  practically  equal  to 
the  time  of  cutting,  the  quality  of  the  work  performed  is 
fully  equal  to  that  cut  in  the  lathe.  The  barrel  or  die 
holder  is  coupled  to  the  main  spindle  of  the  machine,  at  its 
outer  end  are  four  slots  through  which  the  dies  are  moved 
to  and  from  its  axis.  These  dies  are  plain  flat  pieces  of 
steel,  held  in  a  die  case,  at  the  upper  end  of  the  case  is 
a  large  cylindrical  head,  which  receives  all  the  outward 
thrusts  of  the  dies.  Special  attention  is  drawn  to  this  con- 
stnietion,  which  is  far  superior  to  any  tongue  or  groove 
fonn.  The  adjustment  of  the  dies  is  secured  by  stopping 
the  travel  of  die  ring  at  different  points  on  the  inclined 
head  of  the  die  cases. 

Bolt-Ontter.  The  lead  screw  in  the  machine  illustrated 
in  Fig.  204  is  located  directly  beneath  the  head  stock  and 
carriage,  and  is  driven  by  direct  gearing  from  the  main 
^indle.  It  is  of  ample  size  and  with  a  snfiSciently  coarse 
thread  to  insure  long  life,  and  need  never  be  removed  from 
the  machine  in  order  to  change  for  the  pitch  of  thread  to 
he  cut.  Change  gears  to  cut  the  standard  pitches  within 
the  capacity  of  the  machine  are  provided.  The  lead  screw 
i>  engaged  by  a  split  nut,  contained  within  the  carriage. 
This  nnt  is  operated  by  a  hand  lever  conveniently  placed. 
An  antomatic  safety  device,  which  should  be  nsed  as  such 
ouly,  disengages  the  nnt  from  the  lead  screw  at  the  end 
of  the  forward  travel  of  the  carriage  and  prevents  any 
iiijiiiy  to  the  machine  which  would  result  if,  through  care- 
InmesB  of  the  operator,  the  lead  screw  were  allowed  to 
force  the  carriage  against  the  die  head.  This  attachment 
tntomatically  opens  and  closes  the  die  head  by  the  forward 
and  backward  travel  of  the  carriage,  and  can  be  adjusted 
so  as  to  operate  for  any  length  of  thread  to  be  cut  on 
holts  of  any  length  within  the  capacity  of  the  machine. 
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The  vise  jaws  are  opened  and  dosed  by  means  of  a  right 
and  lefl  hand  screw,  which  on  the  smaller  sizes  of  the 
siD|;!e  anil  double  head  inachiiies  is  operated  by  a  liand 
wheel  directly.  On  the  larger  sizes  the  screw  is  operated 
by  the  hand  wheel  throujrh  rediietion  gears.  The  vise 
screws  of  triple  and  quadruple  maehines  sire  operated  by 
adjustable  levers.  The  earriages  of  the  sing-Ie  and  double 
head  bolt  cullers  are  operated  by  a  pilot  wheel  and  rack 
and  pinion.  The  roek  pinion  of  the  larger  machines  is 
operated  throu;,'h  reduction  gears.  All  gears  are  cut  from 
the  solid  metal  and  provided  with  covers  to  prevent  injury 
to   them  and  to  the  operator. 


Flu.  205. 

One  and  One-half  Inch  Motor-BriTea  Bolt  Cntter.  The 
illastratioQ  iit  Fig.  205  sliows  the  rear  view  of  a  I'^-incb 
gear  connected  single  motor-driven  bolt  cutter.  The  moWr 
is  of   the   direct   carreut,    variable   speed,   reversible   type, 
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bolteii  vertically  to  Ihe  rear  side  of  tlie  maehine  eolumn, 
where  it  is  free  frum  oil  anti  ehips.  A  train,  of  gears  trans- 
mits tbe  power  from  the  motur  to  the  main  spintllo  of  the 
machine. 

This  arrang:ement  jrives,  with  the  field  eon  t  ml  only,  nine 
spindle  syieeds,  for  eutlitijf  either  )'ip:ht  or  left  hand,  vary- 
ing  from  33   to  66   revolutions  per  minute. 

Three-inch  Motor-Driven  Bolt  Cutter.  Tlic  desi^  of  the 
maehine  shown  in  Fig-,  200  embodies  severnl  new  and  im- 
proved featnres.  The  main  spindle  is  driven  by  a  gear 
midway  between  the  bearings,  aiid  all  ;,'earinjt  is  plaeed  on 
the  back  aide  of  the  machine,  instead  of  projecting  from 
the  end.  The  loekinj;  bolt  and  hand  lever  of  the  back  gears 
are  renderetJ  more  aecessible.    All  the  jreiirji  nrc  covered, 

A  direct  current,  variable  Kpeed,  rcve:8ible  motor  pives, 
\vith  field  control  only,  in  winnection  with  the  back  gearing. 
18  separate  spindle  speeds,  varyingr  from  6  to  75  r,  p,  m. 
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Fig.  207. 

have  a  transverse  or  cross  movement  through  t))o  shaft 
The  tool-htvlders  F  will  grip  the  tools  in  nny  position,  aai 
are  easily  removable  for  the  insert  ion  of  eiiUer-hars  or 
special  tools.  The  counterwein;ht  iiols  at  nil  anjiIcB  lhrnuj:li 
the  wide  bearings  surface  ami  iu  iiddilion,  the  table  bus  ail 
annular,  angular  bearing  which  increases  ibe  beariQi;  sur 
face  and  gives  steadiness  nf  motion.  It  has  also  a  self 
centering  tendency,  »i>  that  the  combined  weight  uf  the' 
table  and  spindle,  as  wi*l!  ns  that  iil'  the  work  upon  the 
table,  tends  to  preserve  and  not  destroy  the  alif^ment. 
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The  advantages  in  the  boring  mill  are  that  the  work  lies 
^Von  a  horizontal  table,  and  the  weight  of  the  table  and 
tte  work  is  distributed  on  a  large  bearing  provided  for  that 
purpose,  which  gives  rigidity  and  smooth-cutting  qualities, 
thereby  avoiding  all  jar  or  trembling,  which  usually  occur 
in  OTerhnng  lathes. 

OjUnder  Boring  Machine.  A  cylinder-boring  machine  is 
ihovn  in  Fig.  208,  which  is  suitable  for  boring  small  pump, 
■teui  and  gaa  engine  cylinders. 

The  boring  bar  is  provided  with  four  power,  feeds,  which 
are  changed  from  one  to  another  by  means  of  a  sliding 
Icey.  It  also  has  a  quick  and  a  slow  hand  motion,  and  is 
fitted  with  ball  thrust-bearings. 

A  long  bar  running  clear  through  the  tail  bearing  can  be 
hmished,  or  a  short  one  with  a  taper  hole  in  the  end 
for  the  use  of  smaller  bars.  A  simple  form  of  facing  head 
i>  readily  attached  to  the  boring  bar. 

Tjie  drive  is  accomplished  from  a  single  pulley  by  means 
of  B  variable  speed  transmission,  which  gives  any  speed 
from  10  to  50  revolutions  per  minute. 

This  machine  was  desigrned  to  do  a  large  variety  of  accu- 
rate boring  and  drilling,  such  as  is  done  in  machine  tool 
ihopg  or  in  the  tool  rooms  of  manufacturing  establish- 
ments. 

It  has  been  built  with  special  view  to  Accuracy  and  per- 
manence of  alignment,  and  is  accurately  fitted  to  surface 
plates  and  straight-edges  and  carefully  lined  up,  to  be  true 
thronjhont  the  range  of  its  various  adjustments. 

Antomobile  manufacturers  will  find  them  especially  ap- 
plicable to  their  work  in  boring  cylinders,  milling  facets, 
drilling  frames,  etc. 

Horisontal  Boring  Machine.  This  machine  shown  in  Fi<r. 
209  is  designed  for  all  kinds  of  borin»,  drilling  and  milling, 
fur  the  latter  it  is  particularly  valuable,  doing  work  that 
ordinarily  would  require  a  large  planer. 
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o(  uutomatic?  feed,  three  suitable  for  drillm^  and  thrw  for 
l)i»riiifr,  by  etil  cone  K^sring,  and  tlie  spindle  can  be  W 
in  either  direction  wilhf>iit   reversiuc  its  motion. 

The  table  is  8  feet  lou^',  ckvatcd  by  scwws,  worm  wheet* 
and  worms  which  are  driven  by  power.  Tli*  table  earrii*  * 
saddle  which  has  a  movement  jinraUcI  with  the  tnaiti  spin- 
dle. On  this  saddle  is  n  crews  table  3G  inches  by  4'^  incbes, 
which  can  he  lowered  until  it*  top  i.s  33  iiichci  frnni  t'le 
centre  of  the  Bitindle,  nntl  whidi  has  a  Itoriwtnlal  movf- 
ment  at  right  angles  to  it.  Thk  saddle  and  cross  tahli' 
can  he  removed  to  increase  the  oajiaeily  nf  the  mschiiw 
when  necessary. 

Vertical  Boring  Mill.  Tlie  cjipaeity  of  the  machine  sbo*^ 
in  Fig,  211  is  +1  inches  in  diameter  ami  37  ijirliH  i" 
hei);ht  niiiJer  (he  eross-rnil  nr  31  inplies  under  tln^  '"'' 
holders. 

The  table  is  42  inehes  in  dininctcr,  is  powerfully  (tMreii- 
and   has   ten   changes  of  sfiecil.  .'>   with   bupk    gj'ai's  iii)<i  '^ 


The  turret  slide  can  he  set  to  bore,  turn  and  ewt  8  and 
y>as  five  2  5-16  iiipli  holes. 

The  heads  are  entirely  independent  in  their  movement, 
"fcofh  as  to  direction  and  amount  of  feed.  Tlie  left  hnnd 
lead  can  be  set  at  any  angle,  and  has  a  movement  of  24 
inrhea.  Either  heaii  can  be  broutrbt  to  the  eenter  for  bor- 
ing, both  beads  have  a  vertical  movement  of  24  inches. 

The  heads  are  attached  to  stee!  feed-screws  by  split  nuts, 
wliich  eiin  he  opened,  and  a  rapid  roovjment  obtained  by 
ratchet  and  pixiion,  engaging  a  steel  rack  <ni  the  cross-raiL 
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The  feeds  are  positive  and  laave  fifteen  clianges,  ram 
from   l-(i4  int'li   to  til-C4  inches  hinizoiitallj'.  end   1-frl  ii 
to  U-16  inehes  in  angular  and  vertical  directions. 

The  cross-rail  is  raised  and  lowered  by  power,  whieh 
be  done   without  removing  the  table. 

The  band  brake  which  operates  i)n  the  main  driving  eoi 
by   band,   stops   the   table  instantly. 

The  back  gears  can  be  changed  by  means  of  a  lev.  — ^-wt, 
without  the  use  of  a  lock  nut. 

Drill    Presses. 

Figure  212  shows  a  vertical  or  upright  drill-press,  bat"^ — -**" 
geared,  with  both  hand  and  power-feeds  and  an  adjustat::^*"* 
raising  and  lowering  swing-table. 

A  is  a  hand-lever  for  the  quick  adjustment  of  the  spin^^^'" 
H  when  using  the  hand-feed.  B  is  the  poAver-fced  ijevii^  ** 
with  autotmatie  stop,  worm-feed  and  quick  return  niotin:^^^^^'' 
fur   llie   drill-spindle.     C   is   the   step-cone   pulley   wliich  '* 

driven  frnm  the  step-cone  shown  at  N.     D  shows  the  bev^-  ""* 
gears  which   tmnsniil   the  motion  from  the  (lorizonlal  shs 
to  the  vertical  drill-spindle  D.    E  shows  the  chaitt  to  wliii 
a  weight  is  attached  lo  bdonce   Ihe  wei^fht  of  the  spimin 
H.     F  is   a    haud-whee!    for   the  hand-feed   attaclitnenl   oc 
the  worm-gear  s;iind!e.    G  is  a  rjuill  or  sleeve  f'nr  raising  o 
lowering  the  ilrill-spindle  I),  by  means  of  a  rack  I  attachec. 
to    the   sleeve    G,   which    engages    wilh    a   pinion   upon    tb«-         . 
wnrm-gear  spindle.     J   is  the   upright  column   or  standarc^  -'-^,  | 
whieh     carries     the    diill-spindle    driving    mechanism.      K."^*    1 
shows  (he  crank   for  raising  and   lowering  the   table  h  hy-^  \^ 
means  of  (he  bevel  gears  and  the  screw  M.     L  is  Ibc  cir--^^      | 
eular  table  or  face-plate  which  is  provided   with   slots  for 
the  bolts  which  hold  down  the  work.     R  is  a  bracket  whicli 
supports  the  table  L  and  S  a  foot-lever  for  aelnating  the 
belt-shifler  over  the   tight   and  loose  pulleys  P.     T  ia  the 
base-plate    which   has   its   upper   face   plan&d    and   is  pro- 
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vided  T-slots  for  bolw 
to    hold    large   woi^ 
which  cannot  be  <Jr5"' 
ed  on  the  t«ble. 

A  torsional  stress  " 
imposed    upon    d*'" 
presses  owing  to  *^* 
lact,  that  a  revolvi   *^ 
drill   docs  not  cut         * 
its  central  point,  ev"^ 
though   its  outermc:^^* 
circumference     ma-      ^ 
have  an  excellent  ci^^ 
ting  effect. 

The  torsional  strai    -* 
is  easily  overcome  b  ^ 
using     a     spindle    C^* 
high  carbon  steel,  ac  — 
curatelj-    cut  gearing  r 
and    stiH    driving 
shafts.    To  reach  large? 
work    the   drill    hejid 
must    overhang,    and 
therefore    requires    a 
very  strong   frame  tn 
withstand    the    end 
pressure. 


Friction-Driven 

Drill-Press. 


Fig.  z\i. 


The  drill-press 
shown  in  Fig.  213  em- 
bodies principles  not 
usually  found  in  other 
tools  of  its  kind,  and 
is  simple  in  construe- 
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tion  and  more  effective  in  operation  than  almost  any  other 
drill  for  light  work. 

The  speed  of  the  drill  spindle  can  be  incfeased  or  dimin- 
ished instantly,  or  the  motion  reversed,  without  stopping 
the  machine  or  shifting  the -belts. 

More  or  less  driving  power  can  be  applied  to  ■  the  drill 
Spindle,  as  the  size  of  the  drills'  or  the  nature  of  the  work 
may  demand.      ^ 

The  feed  lever  is  provided  with  a  very  sensitive  adjust- 
ment, which  with  the  perfect  control  of  the  operator  over 
the  speed  and  power  makes  it  possible  to- use  the  smallest 
drills  with  the  least  possible  danger  of  breakage.  By  a 
hand  screw  within  convenient  reach  the  platen  or  table  can 
te  moved  rapidly  on  the  column  and  can  be  clamped  firmly 
at  any  desired  height.-. 

All  bearings  and  wearing  surfaces  are  especially  fitted 
for  durability,  and  ample  provision  is  made  for  taking  up 
"ear.  •.    ■ 

It  is  claimed  for  this  drill  superiority/  both  in  simplicity 
of  the  constructidn,  which  renders  it  less  liable  to  derange- 
mnitf  and  in  effectiveness  of  operation  on  account  of  the 
variations  of  speed  and  pawer  being  so  completely  under 
'he  control  of  the  operator,  whereby  all  the  adjustments 
're  made  with  the  least  •  possible  loss  of  time.  It  is  smooth 
*'id  almost  noiseless,  in  operation,  and  entirely  free  from 
the  vibratory  motion  commonly  found  in  drills  of  this  class 
*here  the  spindle  is  driven  by  belt. 

Oang  Drill  Press.  Figure  214  illustrates  a  new  pattern 
of  a  3-spindle  back-geared  Gang  Drill  press,  with  an  Auto- 
■Mtic  Approach  and  Return  Feed.  It  is  also  made  with 
spindles  with  or  without  back  gear,  spindle  with  plain  lever, 
Spindle  Mrith  combined  lever  and  worm  feed,  spindle  with 
'^t  feed  and  automatic  stop,  and  with  spindle  with  re- 
wt8«  motion  for  tapping. 


I 
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Fig   214. 

Motor-Driven  DriU-Presses. 
In  view  of  the  fact  tliat  eieotricily  is  becominpj  so  popu- 
lar as  a  motive  power  for  driving  macliinery,  two  methods 
or  styles  of  mounting  motors  to  Upright  Drill-Presses  are 
shown.  Both  illustrations  (Figs,  215  and  216),  show  direct- 
connected  electric  driven  tools.  One  is  Tailed  a  dircct-rofi- 
net-led    Belt-Driven   motor   outfit,   and    the   other  a   direct- 
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Mted  Gear-Driven  motor  outfit.    The  gear-driven  outfit 

B  reverse  motion  iudepenilent  of  the  motor.     The  belt- 

"nwn  ontfit   is  the  most  popular,  not  only  on  account  of 

"•  less  cost,  but  from  tbe  fact  that  the  motor  is  entirely 

"lit  of  the  way. 
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XJpxight  Drill    The  drill  press  ehown  in  Fig.  217  is  said 
>      t)e  a  very  strong  and  stiff  tool,  thoroughly  well  made 
net   high  grade  in  every  respect.    It  is  made  in  the  foUow- 
*S  styles: 
"Without  back  gear,  with  hand  lever  feed. 
WithoQt  back  gear,  with  cotnbined  lever  and  worm  feed. 
Without  back  gear,  with  self  feed,  automatic  stop,  com- 
tined  lever  and  worm  feed. 
Back  geared,  with  hand  lever  feed. 
Back  geared,  with  combined  lever  and  worm  feed. 
Baek  geared,   with   self  feed,  automatic   stop,   combined 
\ever  and  worm  feed. 

All  the  drills  have  a  quick  return  lever  for  the  spindle. 
The  spindle  is  fitted  with  the  No.  3  Morse  taper. 
Badial  DrilL  .  The  radial   drill   sliown   in   Fig.  218  em- 
^"iie*  in  addition  to  all  the  useful  features  of  other  ma- 
^««,  several   decided   improvenu-nts. 

The  stationary  column  is  of  heavy  section  throughout, 
ud  a  made  of  one  piece.  It  is  bolttMl  to  the  base  and 
•ioes  not  revolve.  There  are  fi)ui'  webs  inside,  extending 
it*  entire  lengtb,  which  add  grenlly  to  tlio  strength  of  the 
iniebine  and  provide  for  resistini^  enormous  strains  at  any 
Ixigiit,  particularly  when  the  arm  and  spindle  are  at  their 
uximiiin  distances. 

The  arm  is  made  of  pipe  section,  its  upper  brace  being 

date  to  the  head  as  possible,  while  the  lower  brace  is 

the   outer   edge.     This   prevents    twist iufj   of   the    arm 

e  resisting  the  extreme  upward  pn-ss^ire  of  (he  spindle 

I   drilling.     A  top  cap,  rcstinj;  on   i-oller  bearin<rs,  sup- 

the  arm,  both  making;  a  full  circle  about   the  column, 

can  be  instantly  locked  by  lixeil  binder  levers.     The 

I  lowered  at  almost  three  times  the  elevatinj;  si)eed  by 

w  having  ball   thrust  bearings.     A   bronze   plate,  at- 

to   the   arm,  shows   the   operator  the   correct   speeds 

lling  either  oast  iron  or  steel. 


jA  ring,  graduated  to  360  degrees,  turns  with  the  arm, 
Ci.<3,  in  connection  with  a  Kcm  on  the  column,  provides  a, 
k^4ans  for  bringing  the  arm  baek  to  a  definite  position  as 
Ct;«n  as  desired.  This  feature  is  of  speeial  ndvautage  in 
~kiag  on  duplicate  parts  held  in  flsed  jigs  or  otherwise. 


e    « 


Fig.  218. 

The  head  can  be  locked  to  the  arm,  it  is  traversed  by 
■Ofang  of  a  double  pitched  screw  which  engraves  with  the 
«V(ilving  dial  on  the  outer  end  of  the  arm.  This  permit* 
"le  operator  to  bring  the  head  to  within  .001  of  an  inch 
*'  the  required  place. 
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TUe  spindle  is  tnftde  of  <!*TicibIe  steel,  and  is  ground 
eonnter-ba!aac*d.  it   has  n   quick  advance  and  return,  aii  i 
has  a  provision  for  taking'  up  wear.     When  used  for  tap  • 
ping,   it   is   impossible   (o   accidentally  enga^re  either  auto  - 
matie   or  lever  feed,  thus  avoiding   the  bi'eaking   of  Ups 
An  adjustable  gange  screw  causes  the  spindle  to  slip  when 
a  tap  reaches  the  bottom  of  a  hole.     It  reqwires  only  fouil 
seconds  to  change  the  spiudle  speed  from  IS  to  .S70  re  vol  w- 
tions  per  minute,  or  to  any  of  tlie  16  aviiilable  speeds,  &^' 
arranged    in    geometric    progTession,    the    maximtuo    bei*5 
more   than  20  times  the  miaimiiffl. 

The  starting  lever  projects  from  the  loose  ring  encircl**" 
the  eolumn  and  is  within  easy  reach,  it   can  be  oper»-  '^^ 


from    any   position    about    the    machine.      It     controls 


-tb« 


raising  and   lowering  of  tlie   arm.  also   the  starting,  sti     "^ 
ping  and  reversing  of  any  of  the  16  spindle  speeds. 


The   automatic    feed    is   driven   by   me^ins   of   a   frict^ 


(jiate   and   by   bringing  the   small   friction   wheel   from 


ion 
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able  usually  fnrniBlied  with  the  drill  is  plain,  but  a 
or  worm-Mwiveling  table  i-an  be  supplied,  if  desired. 

E  round  boss  in  its  center,  wbich  can  be  bored  to  re- 
shings  for  boring  bars  passing  ihrousrh  the  center 


(supporting  stand  on  the  base 


Fig.  210. 

Iiioder  lever  is  forced  by  a  small  nut  onto  its  screw, 
las  a  tapered  end,  so  that,  in  case  of  wear,  it  can 
ited  and  changed  to  suit  the  operator. 
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RadiaJ  Drill.  TUe  drill  shown  in  Fig.  219  has  a  Blidu^ 
[lead,  back  K-pared  aud  at>If-feeil  nnd  auiomntic  stop  and 
quick  return  lever  for  the  spindle. 

These  machinea  are  designed  with  a  view  of  having  all 
the  adjusting  part*  easy  of  access,   and  so  arranged  that 
the  operator  can  with  I  he  least  cfTtirt  i?ontml  their  action. 
To  stop  or  starl    the  spindle,   tii  clianse  the  speed,   to  en- 
Sja^e  the  self  feed,  to  change  from   fast   to  slow   feed,  or  fl 
from  band  to  self  feed,  t<i  raise  or  lower  the  sliding  head  " 
oa   the  column,   to  raise   or  lower  the  platen  or  swing  it 
from  under  ihe  sjiindle,  U<  throw  in  or  out  the  hack  gearing^ 
—all   are   operated   itistiintly   by   permanently   attached   d^  ^ 
vices    for   these   various  purposes.      The    drills   have    roller 
bearing:  for  spindle  tirast. 

Particular    attention    is    called    to    the   positive    self    feed 
with  eipht  elian«;es  of  feed,  t;enr  ilriven  {no  belts). 

The    sliding    head    and    spindle    are    cotiuterbalaaoed,    all 
shafts  are  of  steel,  and  the  bearings  are  extra  long. 


FIs.  220. 

Back  Oear  of  Drill  Press.  The  cut  in  Fig.  220  shows  the 
eone  pulley  withilrawn  from  tlie  shaft,  and  Ihe  locking 
[ilunger  and  lever  for  throwing  in  and  (he  back  gearing 
exposed  to  view. 
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■Btried.  bat  has 

■•  ail,  aerttninlites  no 
in  w«c%3Bg  onkr. 


FiK.22X. 

G«ar  change  Box.  The  aceomfMn^nii?  illtutraliiiQ  Tif. 
222  shows  a  speed  box,  equipped  vith  »  tonstaot  W*" 
motor,  which  can  be  fnrobJied  in  pla«e  of  the  pliUD  ra''*?' 
drive.  Either  style  speed  hox  eseels.the  cone  pnDer  drivt. 
beeanse  it  is  more  easily  manipulated,  doe*  away  witi  U(^ 
ahifting  of  belts,  and  can  he  drivea  from  below  the 
or  ftt  rig^t  angles  to  the  tine  shaft.  The  two  lone 
in  front  of  the  box  control  four  changes  of  speed,  the  «»•" 
one  between  them  locks  one  lever  while  the  other  is  la  ■•  i 
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The  numbei's  cjst  on  tlie  lid  of  tlie  box  indicate  in  what 
direcHoD  to  push  the  levers.  They  correspond  with  the  in- 
dex plate  on  the  arm,  for  the  proper  spindle  speed. 


Wis   223. 

Tapping  Attachment  for  BriU  Presses. 
The  peared  tappinjj  attafhtnent  shown  in  Fig.  22S  worlts 
directly  on  the  spindle.  It  lias  a  positive  cltitsh  for  en- 
gaging the  forward  and  backward  motions  and  gives  a  re- 
verse speed  of  2  to  1.  A  movement  of  the  conveniently 
located  lever  starts,  stops,  and  reverses  the  spindle  in- 
stantly without  any  jar  while  the  machine  is  in  motion. 
To  disengage  the  tapping  attachment  throw  the  lever  A 
and  the  machine  is  changed  from  a  tapping  machine  to  sn 
ordinary  drill  press  and  vici?  versa.  There  is  no  nndne 
wear  as  the  extra  gearing  is  running  only  wheu  required. 
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Fig.  224  shows  the  ehangi'-spced  mechanism  of  the  teed 
of  tile  drill  presses  described   in   Figs,  215  and  217. 

Tire  Drill,  The  drill  shown  in  Fig.  225  ueeds  ve.-y  little 
exi>lanatii)t).  For  drilling,  boring  and  foniitersinking  ttr« 
and  riiii.s,  it  is  one  of  the  most  rapid  tun\  handy  tools  on 


Fig.  224. 

tUe  market.  By  a  movement  of  the  lever,  each  spindle 
brought  into  position  and  locks  itself  ready  for  action,  only 
the  spindle  in  use  revolves.  The  hole  in  the  spiadle  is 
No.  2  taper. 
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fig.  225. 

flift  ana  on  which  the  wlieel  rests,  has  rollers  with  ad- 
'"'*'*We  collars,  the  top  rim  of  the  wheel  rests  ngainst  an 
*^M<«ble  plunger. 
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Fig.  228. 


Almond  Drill  ChDck. 
The  chuck  illuKtratad 
in  Fig.  226  will  centa 
iind  hold  drills  with  a 
firm  grip,  and  is  said  lo 
be  one  of  the  I<ect 
chuclcg  in  the  market. 

Skiimer  Diill   Gtaack.  I 

The  chuck  ghown  id 
Pig,  227  19  miide  entire- 
ly ol  steel.  It  is  especi- 
ally a<lapte<^l  fur  mil  light 
and  rapid  drilling,  such 
as  ia  done  on  sensitive 
drills,  and  where  great 
accuracy  is  renuirtil. 

Cnshman  DiiU  Chuck. 

The  working  parts  cf 
the  chuck  iliu^trated  in 
Fig.  2'2S  are  of  steel , 
and  it  is  made  in  a  most 
thorough  uiHQiicr.  It  ia 
a  self-tightening chucJc, 
and  needs  no  spanner 
wrench  to  make  it  hoU'. 

Twist  Drills. 

The  advantages  of  a 
twist  drill  over  a  flat 
drill  are  as  follows:  The 
cuttingt)  can  find  Irve 
egress  more  readily 
through  the  groove*  in 
the  twist  drill.     In  the 


flat  drill  the  cuttings  Jamb  between  the  hole  and  the  wedge- 
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fihape  sides  of  the  drill,  requiring  frequent  removal  of  the 
drill  to  extract  the  cuttings.  In  doep  holes  more  time  is 
occupied  in  this  manner  than  in  the  nctual  cutting  opera- 
tion. The  twist  drill  nearly  always  runs  true,  and  requires 
no  reforging  or  tempering,  and,  by  reason  of  its  shape,  fits 


Pig.  280. 

ly  and  produces  a  straight,  parallel  hole,  provided  the 
J8  grotjnd    strictly   true. 
Horizontal  Drill  PrcM.     A  horizontal  ilrill  press  is  illus- 
•aterl  in  Fig.  221).     Tliis  machine  is  de-siRned  especially  for 
1^  work  and  the  drill int;  of  holes  in  the  end  flanges  of 
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Isrge    cast   irop    pipes   or   columns.      TLe   head    is    eoanlet- 
balancetl  by  a  weight  as  shown  and  may  be  swung  Ihroogb  I 
a  wide  angular  range. 

GEAR  CUTTING  MACHINES. 

Fellow's  Gear  Shaper.  A  few  <.f  the  distinctive  features^ 
of  the  machine  shown  itj  Fig.  230  are:  The  gear  shaper 
cuts  a  theoretically  correct  gear  tooth.  Only  one  euller 
for  each   pitch   is   neceasary.     An   error  in   spacing   is  aa . 


FlB.  231. 

impossibility.  No  depth  ganjre  is  required,  as  the  machine 
attends  to  that  antomalically.  It  eaniiot  produce  an  in- 
correct tooth  t)y  setting  the  cutter  *'off  center."  The  cutter 
travels  the  exact  face  of  the  blank  only.  The  gear  shaper 
is  furnished  with  an  equipment  covering  all  of  the  ordi- 
nary needs  of  a  machine  of  this  kind,  inchiding  an  aoto-i 
matic  cutter  grinder,  a  set  of  si:t  cutters,  etiaage  gwua,  oil 
pump  and  conntersbaft. 


MACHINE  TUOLS 


291 


An  example  of  the  work  produced  is  shown  in  Tig,  23L 
This  is  done  as  follows:  The  blank  to  be  cut  is  securely 
fastenetl  on  the  work  arbor  and  Ihe  machine  being  started, 
t-he  cutter  reciproeating  vertically  on  its  eenter  line  is  fed 
towards  the  blank  A,  and  euts  its  way  to  the  proper  depth. 
At  this  point  both  the  eiilter  C  nud  the  blank  Q  begin  to 
J^volve,  the  I'litter  C  maintaining  its  reciprocating  motion. 


Fir.  232. 

I^his  revolution   of   the   cutter  C   and   the   blank  G  is  ob- 

^ined  by  an   external  mechanism,   which  insures  that  the 

"•"^-iTiieiit   shall   be   as    tliouirh    the   cuttnr  and  blank   were 

^*<t  primitlete  gears  in  correct  mesh.     Fig.  232  is  a  section 

li  Ihe  blank  and  cutter  which  shows  the  process  of 

'  :.p  spur-toothed    pear   wheel. 

It  alM  sliows  tht?  action  of  the  gear  cutter,  each  cut  and 
^  wedge  form  of  the  gear  shaper  chips. 


tpar  »ai  berel  gean,  and  vQnn  gesis  b;  tlte  bobbing  pr»- 
MW,  from  blanks  not  preTioosly  oieked. 

Eeery  movement  depends  for  its  action  upon  the  comple- 
tion ot  all  pre\'ioas  moremeols,  so  that  tbe  possibility  of 
error  it  rediircd  to  a  minimniii. 

Tbt  feed   def>etidB   npon   the  completioB  of   the   spaoiag, 
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moi  the  cutter  can  not  advance  into  an  imperfectly  spaced 
blank.  The  feed  mechanism  is  disengaged  during  the  spac- 
ing, and  the  cutter  carriage  remains  at  rest.  The  spacing 
XDOvement  is  very  rapid,  and  its  completion  re-engagei  the 
ifeed.     Oaly  one  stop  adjustment  is  required. 


ris-  234. 


fc: „ 

^^■Wftn   no    fnctional    devices   which    consume   power 
iirben  oot  in  action. 

AnCOmatic  Gear  Cutter.     The  machine  shown  in  Fig.  234 
eat^   spur  gears  to  26   inches  in   diameter;  8  inches  face 
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and  4  diametral  pitch  in  cast  iron  and  5  in  steel.  Thi 
cutter  spindle  is  hardened  and  ground  and  provided  with 
means  of  compensation  for  wear.  It  has  6  changes  o( 
speed  from  20  to  80  revolutions  per  minute.  The  spfti 
changes  are  in  geometrical  progression  and  are  obtaioed 
by  change  gears.  The  outer  bearing  on  (he  cutter  slide 
gives  an  additional  support  to  the  entter  arbor. 

The  cutter  arbor  is  IV2  inches  in  diameter,  it  can  be 
moved  in  a  fpw  moments  and  smaller  ones  substit 
TTie  return  of  the  cutter  slide  is  rapid  and  at  a  constant 
speed  which  is  independent  of  the  speed  and  feed  of  the 
cutter.  The  cotter  has  15  changes  of  feed  from  ,037  to 
.620  inches  per  revolution  and  is  obtained  by  change  gears. 
The  feed  changes  is  geoniettical  progression.  The  work 
spindle  head  is  adjusted  by  means  of  a  screw  operated  by 
a  crank.  The  thrust  of  the  elevating  screw  is  taken  by 
ball-bearings,  A  dial  graduated  to  thousandths  of  aa  inch 
indicates  the  amount  of  this  adjnstmeut.  Provision  is  also 
made  for  raiaitig  and  lowering  the  head  by  power.  The 
indexing  mechanism  is  extremely  accurate  and  entirely  in- 
dependent of  the  feed  and  speed  of  the  entter,  so  that  the 
indexing  is  as  rapid  when  the  feed  and  speed  are  slow  as 
when  they  are  fast.  The  index  change-gear  provide  for  the 
cutting  of  all  niraibers  from  12  to  50  and  all  nnmbcrs  from 
50  to  400  excepting  prime  numbers  and  their  multiples. 

The  Sizing  and  Gutting  of  dears.  The  word  diameter 
wlieii  applied  to  gears  is  always  understood  to  mean  pitch 
diameter. 

The  diametral  pit«h  of  a  gear  is  the  nnmber  of  t«etb 
to  each  inch  of  its  pitch  diameter. 

If  a  gear  has  40  teeth  mid  tlio  piteli  diameter  is  4  inches, 
there  are  ten  teeth  to  each  inch  of  the  pitch  diameter, 
and  the  diametral  pitch  is  10,  or,  in  other  words,  the  gear 
is   10    diametral    pitch. 

The   circular  pitch   is  the   distance   from   the   center  of 
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one  tooth  to  the  center  of  the  next  tooth,  measured  along 
the  pitch  circle. 

If  the  distance  from  the  center  of  one  tooth  to  the  cen- 
ter of  the  next  tooth,  measured  along  the  pitch  circle,  is 
%  inch,  the  gear  is  %  inch  circular  pitch. 

Having  the  diametral  pitch,  to  obtain  the  circular  pitch, 
divide  3.1416  by  the  diametral  pitch. 

If  the  diametral  pitch  is  4/  divide  3.1416  by  4,  and  the 
<)notient,  7854,  is  the  circular  pitch. 

Having  the  circular,  to  obtain  the  diametral  pitch,  divide 
3^416  by  the  circular  pitch. 

If  the  circular  pitch  is  2  inches,  divide  3.1416  by  2  and 
thfttquotient  1.5708,  is  the  diametral  pitch. 

Having  the  number  of  teeth  and  the  diametral  pitch, 
to  obtain  the  pitch  diameter,  divide  the  number  of  teeth 
by  the  diametral  pitch. 

If  the  number  of  teeth  is  40  and  the  diametral  pitch  is 
4,  divide  40  by  4,  and  the  quotient  10,  is  the  pitch  dia- 
meter. 

Having  the  number  of  the  teeth  and  the  diametral  pitch, 
to  obtain  the  whole  diameter  or  size  of  blank  of  the  gear, 
»dd  2  to  the  number  of  teeth,  and  divide  by  the  diametral 
I»teli. 

If  the  number  of  teeth  is  40  and  the  diametral  pitch 
>*  4,  add  2  to  the  40,  making  42,  and  divide  by  4;  the 
quotient,  10^4,  is  the  whole  diameter  of  the  gear  or  blank. 

Having  the  number  of  the  teeth  and  the  diameter  of  the 
Wank,  to  obtain  the  diametral  pitch  add  2  to  the  number 

"^  the  teeth,  and  divide  by  the  diameter  of  the  blank. 
If  the  number  of  teeth  is  40,  and  the  diameter  of  the 

Wank  is  10%  inches,  add  2  to  the  number  of  teeth  making 

*2,  and  divide  by  10%.     The  quotient,  4,  is  the  diametral 

Piteh. 
Having  the  pitch  diameter  and   the  diametral  pitch,  to 

'Main  the  number  of  teeth,  multiply  the  piteh  diameter  by 

""e  diametral  pitch. 
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If  th«  diaiueter  ot'  the  pitch  drcle  is  10  inches,  and  tti 
Ui«uuftnit  pitoh  is  4.  multiply  10  by  4,  and  the  prodoet,  4^ 
will  b«  the  ttumber  of  teeth  in  the  gear. 

lUvint;  whole  diameter  of  the  Uank  and  the  diametnl 
pitch,  to  obtain  the  number  of  teeth  in  the  gear,  mnltifitf 
the  diameter  by   the  diametral  pitch  and  snbstraet  2. 

If  the  whole  diameter  is  lO^ji  and  the  diametral  pitd  ii 
4,  tuuttipty  lot...  by  4  and  the  product,  42  less  2,  or  40,  ii 
tlie  nuinlvr  of  teeth. 

To  obtain  the  ti.ieknees  of  a  tooth  at  the  pitch  liiMi 
divide  tl:e  eiivulai-  piteh  by  2^  or  divide  1^7  by  the  diaDt* 
tral  pitvh. 

If  ttto  firenlar  piteh  is  1.047  inehes  or  the  diametnl 
pitvli  is  :i.  divide  l.tU7  by  2.  or  L57  by  3,  and  the  qaotient, 
..'>:);>  i(u*li.  is  (he  thickness  of  the  tooth. 

l\>  obtain  the  whole  depth  of  a  tooth,  divide  2J57  if 
the  diametral  pitch 

If  tlic  diametral  pitch  of  a  gear  is  6,  the  whole  depth  ii 
2AA7  diviat-d  bv  <>.  wiuab  .a5{j6. 1 
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Table  No.  13. 

Table  No.  14.            1 

metnU  Pitch. 

Olicular  Pitch,  In 
Inches. 

Circular  Pitch,  hi 
Inches. 

Diametral  Pitch, 
Ininohea. 

IH 

2.5138 

2 

1.571 

IX 

1.0944 

1% 

1.676 

1% 

1.7952 

1% 

1.795 

2 

1.571 

iy» 

1.988 

2)i 

1.896 

IX 

2.094 

2X 

1.257 

\p. 

2.186 

2% 

1.142 

2.286 

8 

1.047 

\p. 

2.394 

8X 

.898 

2.513 

4 

.785 

lA 

2.646 

6 

.628 

ik 

2.798 

6 

.524 

ItV 

2.957 

7 

.449 

1 

3.142 

8 

.393 

M 

3.861 

9 

.849 

3.690 

10 

.314 

» 

3.867 

11 

.286 

4.189  . 

12 

.262 

8 

4.570 

14 

.224 

5.027 

16 

.196 

P. 

5.585 

18 

.175 

6.288 

20 

.157 

i 

7.181 

22 

.143 

8.378 

24 

.181 

P. 

10.058 

26 

.121 

12.566 

28 

.112 

P. 

16.755 

80 

.106 

25.133 

82 

.098 

tV 

50.266 

86 

.087 

40 

.079 

48 

.066 

ccording  to  the  agrstem  adopted  by  the  Brown  &  Sharpe 
;.  Co.,  and  ISBOim?  as  the  Diametral  Pitch  System,  any 
r  of  one  pitch  will  gear  into  any  other  gear  or  into  a 
I  of  the  same  pitch.  Eight  cutters  are  reqnired  for 
li  phdi.     These  eight  cutters  are  adapted  to  cut  from 
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a  pinion  of  twelve  teeth  to  a  raek,  and  are  nnmbend  »- 
spectively,  1,  2,  3,  &c. 


No. 

1  will  cut  wheels  from  135  teeth  to 

a  raek. 

No. 

2  will  cut  wheels  from 

S5  teeth  to  134  teetL 

No. 

3  will  cut  wheels  from 

36  teeth  to 

54  teeth. 

No. 

4  will  cut  w^heels  from 

26  teeth  to 

34  teeth. 

No. 

5  will  cut  wheels  from 

21  teeth  to 

25  teeth. 

No. 

6  will  cut  wheels  from 

17  teeth  to 

20  teeth. 

No. 

7  will  cut  wheels  from 

14  teeth  to 

16  teetL 

No. 

8  will  cut  wheels  from 

12  teeth  to 

IS.teetL 

If  a  cutter  is  wanted  for  a  wheel  of  40  teeth  of  8  pitdii 
then  the  cutter  required,  would  be  No.  3  of  8  pitch,  in**' 
niitcb  an  a  No.  3  cutter  will  cut  ail  wheels  eontaininstfrOlB 
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twelve  teeth,  this  angle  mny  cause  their  flanks  to  be  un- 
dercut and  in  consequence  weak  in  order  to  clear  the  faces 
of  the  teeth  of  the  engagiiic;  gear.  The  drawing  of  a  aeg- 
ment  of  a  gear  of  ten  teeth,  four  diaui?trul  pitch,  in  Fig. 
S85A,  illustrfttea  this  undercutting  which  ia  greater  as  the 
teeth  are  fewer. 

Gears  or  pinions,  having  fewer  than  twelve  teeth  might 
be  unavailable  if  undercut  as  much  as  at  A,  B  and  C,  in 
Fi(?.  235B.  Gears  that  are  to  do  heavy  work  may  require 
a  greater  angle  of  pressure  than  fourteen  and  a  half  de- 
grees, if  liiey  are  to  run  with  a  pinion  of  fewer  than 
twelve   teeth. 


Fig.ja&B 


In  the  choice  of  an  nng^le  of  presMire  some  idea  may  be 
ohtaincd  from  the  lower  view  in  which  is  taken  from  a 
gear  10  teeth,  4  ciiaiuelrn!  pitch.  The  angle  of  pressure  in 
these  teeth  b  22^'^  degrees.  The  greater  strength  of  the 
tooth  flanks  in  this  figure  is  readily  seen.  The  angle  can- 
not be  much  more  than  thirty-two  degrees  and  ha%*e  the 
addendum  of  the  teeth  or  that  part  of  the  tooth  above 
pitch  line  of  the  ordinarj-  height,  which  is  equal  to  one  part 
of  the  diametral  pitch. 

Bevel  Ckars.  The  curve  of  the  teeth  in  bevel  gsftri, 
when  correctly  formed,  changes  constantly  from  one  end  of 
the  tooth  to  the  other.  Consequently  bevel  gears,  whose 
teeth   are  produced   with   a   cutter  of   flxed  curve,   are  not 
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theoi-etieally  correct,  tlie  cutter  usually  bein-y  .if  a  eum ' 
Uiat  will  make  the  correct  form  at  the  outer  part  of  tht  ' 
face  of  the  gear,  and  of  necessity  will  leave  the  curves  too 
large  at  the  inside  ends  of  the  teeth.  Small  bevel  pear- 
in?  is  almost  universally  produced  in  this  manner,  wliii-ii 
practically  answers  the  purpose,  except  when  the  teeth  Hie 
very  coarse  or  the  gears  very  small,  in  which  eases  th;ir 
operation  is  not  satisfactory.  In  place  of  cutting^  by  diang- 
ing  the  position  of  the  cutter,  the  teeth  are  often  filed 
slijchlly,  in  order  to  round  them  oflF  to  the  curve  requirod 
for  their  free  running.  On  all  hevel  gears  cut  with  a 
cutter  of  fl.xed  curve,  it  is  necessary  to  cut  through  twice, , 
owing  to  the  necessity  of  making  the  thickness  of  the  cul- 
ler on  the  pitch  line  equal  to  abimt  .005  inches  thinnerl 
than  the  space  hetween  the  teeth  at  (lie  suiallest  Pitch  dia-J 
meter.  Aa  the  widlh  of  s[>ace  between  the  teeth  on  the] 
lar^-est  pitch  diameter  should  be  greater  than  the  thickQessl 
of  the  cutter,  it  must  be  made  so  by  passing  that  cutter^ 
through  the  .^^ecnnd  time.  Fig.  236  Avill  esplnin  the  forms 
of  spur,  bevel  and  niitrc  gears,  also  the  lerins  pitch  diame- 
ter, outside  diameter,  largest  pitch  diameter,  '.engtb  of  face, 
etc.  When  a  pair  of  heve!  gears  are  of  same  siz^  and  ■ 
number  of  teeth,  with  their  lines  of  centers  at  right  angles,  B 
tiiey  are  called  mitre  gears,  and  one  cutter  will  answer  for 
both,  but  wliere  one  gear  has  a  greater  number  of  teetb, 
ur  differs  in  bevel  from  the  one  running  into  it,  then  each 
of  the  pair  of  gears  may  require  a  different  cutter. 

When  giving  the  dimension   for  bevil  gears  always  give 
the  following  information  as  shown  in  Fig.  237.  ] 

The  pitch,  or  if  preferred,  give  the  diameter  of  pitch  cir- 
cle. 

The  number  of  teeth  in  the  gear.    The  number  of  teeth  in 
the  pinion, 

A,  or  diameter  of  hole  in  the  gear,  a,  or  the  diameter  of  , 
the  hole  in  the  pinion. 
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be  backing  for  both  the  gear  and  pinion. 
C|  or  width  of  the  face. 


^UttaiST    PITCH    DIAM  .. 
Fig-  236. 

■J^i  Or  diameter  of  the  gear  hub,  or  the  diameter  of  the 
'"®  linb,  if  these  dimenaions  are  of  importance. 


^ 
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thickness  at  the  pitch  line  of  gear  teeth,     I  will  mea- 
I  all  pitches. 
he  sliding  jnw  moves  upon  a  bar  graduated  to  read  by 


pis.  2 3D. 

jf  the  veniipr  to  thinisandthB  of  an  inch.    A  tongue, 
ag  at   right  angles  with  (he  jaws,  ia  graduated  in  Iha 
nanniier.     Bo(h   the  sliding  jaw   and   tongue  are  pro- 
with   suitable  adjiieting  scrctvR. 
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V  Grinding  MnchiDea  have  proved  to  he  well  adapted  fa 

■  producing  accurate  work.     Not  only  have  they  proved  «c 

H  omical   in    the   manufacture  of  machinery  and   tools. 


MS*-' 


rig.  240. 


general  and  special,  but  for  duplicating  parts  of  machint 
maiHifaef"''^'^  on  the  interchangeable  Rystem,  they  are 
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excelled.  They  produce  the  same  degree  of  accuracy,  ex- 
felleiiee,  and  economy  when  used  on  either  hardened  or  soft 
work. 


Fig. 


Th.»t  it  costs  inufb  less  to  finish  snd  fit  work  by  grinding 
»ilh  emery  wheels  than  by  the  old  method  on  the  lathe, 
Iws  bpen  repeatedly  proven  by  experience.  As  emery 
vheds,  for  a  given  amount   nf  work,  cost  less  than  files, 
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Bired  position  for  tlirowirig  light  on  the  work  while  being 
(•round.  By  fJUiiifc  the  basin  with  water,  it  keeps  the  emery 
from  flying  and  also  pro«des  a  convenient  place  to  dip  the 
lools  in  white  irciiidiiiK. 

Grinding  Attachment.  Figure  242  illustrates  a  new 
motor,  driver,  isilhe,  planer  or  sha|iei*  grinding  attachment 
tu  be  placed  iu  the  tool  post  of  the  lathe.  The  efficiency 
of  this  machine  can  be  readily  seen  by  anyone  requiring 
grinding  to  be  done  in  the  lathe.  An  atlaehmcnt  goes  with 
each  machine  for  internal  grindin}?,  as  well  as  external. 


Fig.  243. 

Eiiife  Qrinding  Machine.  Tlie  machine  illustrated  in 
Fi?.  243  is  parlicularly  ndapied  for  any  size  and  style  of 
straiplit  knives.  It  is  provided  with  a  friction  clutch, 
*biph  admits  of  starling  and  stiipping  tlio  carriage  quick- 
Iv  trithont  stoppinp  I  fir  belts.     The  bed  and  base  are  cast 
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in  one  piece,  thereby  making  a  very  rigid  machine, 
rigidity  and   cleanliness  are  particularly  reqaiied« 


Fig.  244. 


Size  of  the  emery  wheel,  26x1  fa  inches.    The  «i«e  of  lh( 
m$ry  wheel  pnlleys,  tight  and  loose,  10>/ix4«./2  inches.    Th( 
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Bute  of  the  carriage  gang  pulleys,  9x21/2  inches.  The  speed 
of  the  emery  wheel  per  minute  is  360  revolutions.  The 
speed  of  the  carriage  per  minute  is  lO^g  feet. 

Motor  Briven  Brill  Qrinder.  This  machine  shown  in  Fig. 
244  is  desirable  wherever  an  electrical  plant  has  been  in- 
stalled.    It  is  made  both  for  110  and  220  volts. 

This  machine,  as  is  dearly  shown,  has  the  motor  frame 
and  stand  cast  in  one  piece,  the  controlling  switch  being 
located  within  the  hollow  column,  and  is  operated  by  the 
handle  shown  on  the  side.  The  motor  is  very  solidly  made, 
and  wili  stand  rough  usage.  The  hearings  are  self  oilinj; 
and  are  extra  large  to  insure  long  life.  Tlie  bushings  are 
made  of  gxm  metal  and  are  easily  renewed. 

One  advantage  possessed  by  an  electrically  driven  drill- 
grinder  is  that  it  may  be  located  at  any  place  desired,  and 
quickly  connected  with  the  power  circuit  by  wires  which 
can  be  led  in  any  direction.  It  needs  no  pulleys,  counter- 
shaft or  belting,  and  when  once  installed,  the  cost  of  main- 
tenance is  reduced  to  a  minimum. 

Uotor  Driven  Water  Grinders,  The  motor-driven  grind- 
er shown  in  Tig.  245  is  very  neat  and  compact.  Every 
machine  is  set  up  and  tested  for  several  hours  before  ship- 
ping. They  can  be  furnished  to  operate  with  direct  or 
altera  ating  current. 

PLAiK  aBTNimra  machines. 

The  grinding  machine  shown  in  Fig.  246  is  unusually 
heavy,  and  the  metal  is  so  disposed  as  to  obtain  a  mari- 
mum  strength,  and  reduce  the  vibration,  which  is  so  com- 
mon in  this  class  of  machiues,  to  a  minimum. 

The  Spindle  is  of  the  best  machinery  steel,  turned  and 
ground  to  size.  The  ends  are  provided  with  threads  of  29 
degree  angle,  of  the  same  depth  as,  but  stronger  than  the 
square  thread  generally  used. 

The  Bearings  are  unusually  large  and  are  placed  as  near 
the    wheels  as   practicable,   thus   reducing   the   liability   of 


1 

1 
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«apt  «»  tonpied  and  grooved,  making  them  rigid  and  nol 
!inhl«»  to  work  loose. 
The  Flanges  are  lieavy  aa^  tft  large  diameter-    The  tight 
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flanges  are  forced  on  the  spindle,  and  provided  with  grooves 
arranged  to  preveni  I  he  entrnnce  of  dust  or  dirt  to  the 
Iwariu^s  from  the  nutcr  ends  of  the  boxus. 

The  Self-Oiling  Arranfement  insures  n  plenlifii]  supply 
of  oil,  and  is  of  such  construetioii  that  it  is  impossible  for 
any  dust,  grit  or  sediment  to  reach  the  bearinpi.  Reser- 
voirs are  provided  underneath  the  spindles  fiir  holding  oil, 


rig.  2*8, 


■hieh  IB  fed  to  the  bearings  by  means  of  a  "wiper."  The 


>er  is  pressed  up  by  a  brass  spring,  and  kept  constantly 
in  ronlaft   with  the  spindle. 

Polishing  or  Orinding  Machine.  The  machine  illustrated 
in  Fig.  247  is  so  const rncted  thnt  emery  or  polishing  wheels, 
even  though  out  of  balance,  will  revolve  on  their  center  of 
gravity  and   wiU   run  smoothly,  and  will  not  oound. 


J 
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Polishing  wheels  do  not  require  balancing  when  nm  <m 
this  maehiae,  and  will  retain  their  coating  of  emery  math 
longer  than  on  the  ordinary  machine.  The  work  will  not 
bump  or  stutter  on  the  wheel,  but  passes  over  smoothly, 
and  any  wavy  appearance  of  work  is  entirely  ob%'iated, 
L         The  bearings  are  so  constructed  that  they  can  be  nuidc 


Fig.  247. 

pliable  and  etaatie,  or  rigid,  aeeorditig  to  the  demand?-  nf 
the  operator,  and  the  maehiiie  can  be  run  sit  double  the 
speed  of  the  ordinary  machine  without  heating. 

Saw  Qritider.  The  machine  illustrated  in  Fig.  248  will 
grind  circular  or  rip  saws  from  14  inches  to  73  inches,  and 
any  shape  or  size  of  (onth.  It  has  an  adjustable  atop  screw 
to  regulate  the  depth  of  the  teeth,  Sixe  of  the  wheel,  12 
inches,  any  thickness  to  fit  tbe  tooth. 

Surface  Orinder,  The  hand  stirface  priinder  shown  in  tbe 
drawing  q(  Fiji.  249  i.^?  an  extremely  useful  tool  for  grind- 
ing small  work. 
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iTersal    Grinding    Machines.     The    grinder    shown    in 

250  is  an  electrically  driven  tool  in  every   detail,  as 

h  i£!^  ^^^^    ^^^   motor    and 

m  jH^n  machine    are  designed 

P  IMmB"""-  W^^^^p  to  work  together  and  are 

^  liuilt  and  tested  in  the 

name  shop.  Universal 
gT'inders,  from  the  pecu- 
liar nature  of  their 
work,  are  better  adapted 
to  this  mode  of  driving 
than  moat  other  ma- 
chine tools,  having  as 
they  usually  do  Ironi 
eight  to  ten  belts,  some 
of  whiuh  have  to  he  re- 
moved for  almost  every 
operation.  The  belts 
not  in  use  bang  in  the 
way  and  are  always  giv- 
ing more  or  less  trouble 
when  running  at  a  high 
speed.  The  work  ol  a 
universal  grinder  re- 
quires that  either  the 
wheel  ot  the  piece  be- 
ing operated  on  should 
occupy  almost  every 
conceivable  position. 
This  is  much  easier 
and  more  quickly  done 
where  the  wheel  is  made 
to  move.  Practically 
all  work  is  he]d  between 
fig.  248.  a  pair  of  plain  centers, 

1  B  vise,  and  the  wheel  moved  instead  of  the  work,  thereby 
dug  a  large  saving  in    time. 


b 
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Tke  anduBs  aliown  in   Fi^.  251   tii  a   oniwsAl  satfu 
griaHa^i  imrfcini'   witli  hand  instead  at  potrer  f«««ls.    Ti 
£nd  is  by  a  lever  as  shown  and  the  mm  « 
fnd  by  mmam  of  a  kand-wheeL    A  tipgj 


Ffg.  24  Et. 

ini:  attachment  is  provided  which   is  operated 
wheel  and  screw  at  the  left  of  the  hinged  table. 

Water  Orindiag  Attachment.  The  Water  Attactuns 
aa  shown  in  Fig.  252  is  arranjred  for  use  on  the  pm"! 
head*.  It  is  so  constructed  that  the  outside  coverint;  [tint 
caD    be    eaaiJy    removecl,    and    access    quickly    bad    In  tl 
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els.     The   tool   rests   and   the   plates  for  deflecting  the 
Er  are   adjustable    lo    tlie   wear  of   the   wheel. 
rater  Grinding  Machine.    The  water  attachnient  on  the 
ihine    illustrated    in    Fig;.    253    consists   of   n   cbaia    and 


Fig,  250, 


"^W,  entirely  clear  of  the  water  in  the  tank,  and  is  oper- 
rted  by  simply  lowerinj;  tlie  lever  on  the  side  when  a  flow 
''  fsler  is  desired,  and  raising  it  to  turn  it  off.  There  is 
»  WmiD  to  get  out  of  order,  nor  pan  to  rust  fast.     The 


31S 
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entire  attacliment  can  be  renetied  in  a  minute'e  tim> 
flow  is  even  and  constant  ami  the  operator  is  nnt  dl 
Water  Tool  Gmder,  A  water  tool  grinder  is  shi 
Fig.  254  lias  ati  outside  attached  centrifugal  pump  I 
niah  a  supply  of  water  to  the  wheel.  The  water  is  I 
ed  in  the  base  of  the  griader  and  is  used  over  agail 


Fig.  2S1. 

Care  and  Use  of  Qnnding  Madunes.    As  the  da 

of  a  macLine  very  largely  depends  upon  the  care 
operator,  it  will  soon  become  unreliable  if  not  | 
cared  for,  however  well  it  may  have  been  conetructt 
wearing  surfaces  should  be  carefully  guarded  and  k4 
supplied  with  oil.     The  use  of  a  good  quality  of  I 
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■#ine  oil  is  rseommended  in  preference  to  one  of  a  low 
gtsde.  Oil  holes  whieh  are  ekised  with  screws  usually 
have  the  words  oil  hole  stamped  around  them,  and  eare 
should  be  used  when  oiling  to  keep  them  free  from  dirt  and 
ttieiy  grit. 


grinding  maehiiies  slioiild  lie  kept  as  clean  as  pot 
id  in  no  case  should  the  hearinp;  be  allowed  to 
fill  np.  Wlien  the  bearini^^s  are  opened  and  exposed  for 
*nj  parpose  whatever,  they  ajiould  be  earefnlly  wiped  off 
htton  they  are  cUised  again  to  free  them  from  any  grit 
tiat  may  have  lodged  upon  the  surfaces. 

The  gpLnd!e   boxes  shuuhl    he   perfectly   clean   when   put 
tcfether.     Before  tightening  the  caps  the  oil  space  sliould 
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pie  oiling  facilities  are  provided  aiul  oil-holes  have  dust- 
proof  covers.  The  front  end  of  the  tailstock  bai-rel  is  re- 
enforced  to  withstand  heavy  strains,  it  has  a  No.  4  Morse 
taper  in  a  spindle,  and  the  set-over  is  graduated. 

The  apron  is  arran'jed  so  that  it  is  impossible  to  throw 
in  the  rod  and  srrew-feed  at  the  same  time.  The  raek- 
pinion  can  be  thrown  out  of  mesh  with  the  rack,  so  that 
when  chasing  there  is  no  resistance  or  friction  of  any  mov- 
ing part  in  the  apron.  Alt  the  feeds  are  reversed  in  the 
apron. 

Threads  can  be  cut  from  2  to  24  per  inch,  including  11  Ms 
pipe  thread.  A  chasing  dial  for  t'atchin<r  the  threads  is 
provided,  and  threads  can  he  cut  withrail  slopping  the  lathe 
or  reversing  the  lead  screw. 

The  gearpd-feed  is  positive,  all  the  feeds  are  obtained 
within  (be  range  of  modern  practice.  There  are  also  3  belt 
feeds,  ranging  from  ,020  lo  .070  cuts  per  ijieli. 

The  countershaft  has  double  friction  pulleys,  14  and  16 
in.  diameter  for  a  41/2  inch  belt.  Both  belts  should  run 
forward  as  no  backing  belt  is  required.  Speed  of  counter- 
shaft  is  125  and   160   revolutions  per  miuute. 

The  lathe  is  made  with  either  plain  lilock  or  compound 
rest.  A  taper  attachment,  a  turret  nn  the  shear,  or  a  tur- 
ret on  the  carriage  can  be  furnished  if  desired. 

Combination  Turret  Lathe,  Figure  2(53  shows  a  25-ineh 
combination  taiiet  lathe.  This  is  said  to  make  an  ideal 
manufacturer's  lathe.  It  possesses  all  the  quick  speed  and 
feed  chnngea  I  hat  are  so  important  for  the  economical  up- 
to-date  produetinu  of  work.  With  the  tri[iJe  friction  coun- 
tershaft nine  changes  of  speed  are  obtained  without  stiit't- 
ing  the  belt.  The  head  is  geared  16  to  1,  so  that  it  has 
enormous  power  for  facing  and  sealing  cuts. 

The  cone  is  arranged  for  a  4-inch  belt,  the  smallest  step 
is  12  inches  diameter,  thus  securing  at  all  times  a  good 
belt  speed.     This'  power  is  increased  by  a  double  friction 
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back  gear.  The  feeJs  are  positive,  four  quick  changes 
being  made  by  a  lever,  these  can  be  varied  by  change 
gears  to  suit  all  classes  of  work.  The  turret  and  car- 
riage feeds  are  indejiendent  of  each  other  so  that  the  cor- 
rect feed  can  be  used  on  a  boring  and  turning  operation  at 
the  same  lime.  The  turret  can  also  be  eoimected  to  the  car- 
riage and  a  feed  obtained  with  the  lead  screw  for  a  posi- 
tive lead  in  lapping.  The  carriage  is  furnished  with  our 
turret  lool  post,  earrjing  four  independent  tools. 
Bench  I>athe.     For   small  or   flae   work   the  bench  lathe 


Fig.  204. 


itbowD  in  Fig.  264  will  be  fomid  a  very  useful  adjunct  even 
to  a  well  efjuipped  maehitjc  shop. 

Double  Headed  Manufacturer's  Lathe,  The  lathe  shown 
in  Fig.  265  wa.s  designed  for  finishing  work  held  by  a  face 
l>latc  or  chuck.  Tail  stoclcs  can  be  furnished  for  work 
which  requires  centers.  It  is  especially  adapted  for  manu- 
facturing a  large  number  of  duplicate  parts  as  it  enables 
one  operator  to  run  two  spindles.  It  is  furnished  with  an 
automatic  longitudinal  and  cross  feed,  the  speeds  and  feeds 
for  eacli  head  being  independent.  All  feeds  are  reversed 
in  the  apron  and  are  driven  by  a  belt,  the  belt  being  kept 
St    proper  tension  by  belt  tighteners. 
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Ttees-Inch  Latlie.  A  fourteen-inch  lathe  is  shown  in 
166,  The  spindle  is  made  from  a  crucible  steel  forg- 
id  has  a  15-16  inch  hole  through  it.  The  cone  pulley 
ye  sections,  the  largest  of  which  is  9^4  inches  dia- 
for  a.  2  inch  belt.  The  spindle  bearings  in  the  head 
Ire  of  east  iron  lined  with  genuine  babbitt  metal. 


FiR.  266. 

is  fnmislied  with  an  elevatbfr  rest,  or  with  a  plain 

be  furnished  with  a  compound  rest  also  taper 

IS  furnished  when  wanted  with  either  style  of 


tr  rross  feed  is  furnished  with  either  style  of  rest, 
ttdeiit  rod  and  patent  friction  feed.  Combined  gear 
it  feeds  are  furnished,  also  automatic  stop  motion 
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in  connection  with  either  gear  or  belt  feed.  The  lathe  i» 
so  arrfljiged  that  the  lower  fe«d  cone  can  be  swungr  around 
to  tighten  the  feed  belt,  at  the  convenience  of  the  operator. 
There  nre  six  belt  feeds  ranging  from  40  to  140  indosi". 
When  tlie  glared  feed  is  wanted  the  belt  can  be  removeJ 
and  the  feed  rod  eonnected  with  the  intLTmediate  gfi 
then  by  changing  the  gears  on  the  feed  stud  of  the  he>d 
stock,  feeds  can  be  obtained  from  l.T  to  150.  inclusive. 

It  has  a  steel  rack  and  pinion  tor  moving  the  caiTiatf 
The  back  gear  can  be  drawn  out  of  the  rack|  thus  pt*- 
venting'  wear  on  these  parts  when  not  required  in  s«re* 
cutting  and  other  similar  work.  The  steel  leading  serf 
is  of  .5  pitch,  with  Open  and  .shut  nut.  It  cuts  threads  3,  4, 
5,  6,  7,  8,  9,  10,  11,  llVli,  12,  13,  14,  15,  16,  18,  20,  % 
24,  26,  28,  30,  32  and  36  per  inch. 

The  coQOterslmft  is  furnished  with  friction  pullej-s  1" 
inches  diameter  for  2^/2  inch  belt,  and  should  make  150  rev- 
olutions per  minute.  The  pulleys  can  be  oiled  while  nm- 
ning,  thereby  saving  lose  of  time,  danger  and  annoyaiife  ui 
running  off  the  belts,  wliieh  is  an  important  item  where  « 
number  of  lathee  are  in  use.  The  countershaft  has  »H 
oiling  hangers. 

Motor-Driven  Lathe.  The  claims  made  for  a  dirtf 
eleetric  motor  drive  are:  Greater  efficiency  of  the  tool  o*'- 
ing  to  a  more  powerful  drive  and  correct  cutting  sp 
doing  away  with  the  line  shaft,  countershafts,  belts, 
thus  avoiding  the  dirt  and  gi-ime  which  always  follow*  ! 
belt  and  darkens  the  shop— the  facility  for  placing  the 
not  hartng  to  depend  on  any  special  location  for  the 
—the  elasticity  of  the  whole  arrangement  for  adding  n** 
tools,  properly  grouping  them  and  changing  when  ncef^ 
eary.  Also  the  fact  that  when  the  machine  is  not  in  "*• 
no  power  is  being  consumed,  but  the  tools  are  always  reailj' 
for  work  in  ease  of  an  emergency  or  overtijoe  witboi* 
running  s  long  line  of  shafting  and  countershafts. 
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The  multiple  voltafre  is  based  on  well  known  principles; 
two  or  more  different  voltages  are  supplied  to  the  armature 
(if  the  motor  fi'om  which  speeds  proportional  to  these  toI- 
taj;es  result.  These  speeds  are  then  divided  by  field  regn- 
lation  jjiviuff  the  greatest  range  of  any  system.  With  the 
fiplil  control  motor  one  voltage  only  is  required,  the  entire 
speed  raiiire  b;'!ns:  obtained  by  changing  the  field.  This 
I'oiin  of  control  can  therefore  be  used  where  power  is  ob- 
tained from  an  outs'<le  source,  or  when  only  one  voltage  is 
a\ai! ..ble.  Where  nmltiple  voltage  is  used  special  arrange- 
ments are  necessary  in  the  power  plant  to  obtain  two  or 
more    v.i!(n<;es. 

Will  the  belt  drive  it  has  been  thoroughly  demonstrated 
tiiat  Iroin  4.")  to  75  per  cent  of  the  entire  power  generated 
is  nseil  by  the  transmission  machinery,  in  very  few  i"' 
stances  is  there  more  (lian  45  per  cent  used  by  the  machine 
tool.  Willi  (lireet  motor  drive,  from  70  to  80  per  cent  o' 
the  ])ower  y:cneiatod  is  delivered  at  the  machine.  With  a^y 
standard  mal;e  of  motor  a  ranje  of  speed  changes  can  I** 
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Pattern  Maker's  Lathu  The  iatbe  showu  iu  Tig.  360  U 
oarefull,v  fitted  op  the  iwme  as  an  iron-working  madiiiie. 
It  has  adjustable  beailn^,  iron  stop  eoue,  camice  with 
rack  and  pinion  moveiaent,  nnd  cross  carriage  operated  bj 
a  screw  and  hacdle.  Automatic  feeds  can  be  sapplied  to 
the  carriage  when  desired. 

The  head  spindle  extends  through  the  ooter  end  of  tie 
headstock,  and  is  provided  with  a  lai^e  face  plate  fs" 
turning  work  larger  than  the  swing  of  ihe  lathe.  On  tk 
larger  sizes  tlie  bead  swivels  for  obtaining  the  draft  oa  pat- 
terns. 


Fig.  298. 

The  countershaft  is  equipped  with  friction  clutch  puller, 
one  large  and  one  quite  small,  giving  a  large  range  "'■ 
speeds.  The  lathe  is  carefully  balanced  so  that  it  wi" 
run  at  very  high  sjjeeds  without  vibration. 

Plain  Turret  Lathe.  The  16-inch  tiu-ret  lathe  iti"'"' 
in  Fig.  270  is  designed  to  perform  the  iiimpler  ojieriti""* 
of  chucking.  For  all  work  wLieh  does  not  require  »  f* 
riage  or  secondary  tool  on  the  slide,  it  wiJl  be  twmd  ttt. 
useful.  The  turret  is  strong  enough  to  carry  heavy  f** 
iug  tools,  the  spindles  are  hean-  and  provided  with  a  U 
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hole  so  that  bar  work  eau  be  conveniently  bandied,  the 
thrust  is  taken  with  ball  bearings.  The  turrets  are  atilo- 
matic  and  are  made  with  or  without  power  feed.  The  1st  he 
can  be  made  with  back  gears,  also  with  double  frictiim 
back  gears  and  friction  bead. 

The  front  eod  of  the  spindle  is  bored  taper  to  carry  a 
bushing  for  supporting  boring  bars.  The  turret  is  of  stand- 
ard make,  all  parts  subject  to  wear  bting  provided  with 
adjustment  to  compensate  for  the  same.  The  turret  block 
is  fltted  with  a  taper  bushing,  so  that  it  caa  always  be  kept 
tight  on  stem.  The  locking  pin  and  ring  are  made  of  tool 
steel,  hardened  and  ground,  I  be  locking  pin  bas  a  bearing 
in  tbe  slide  on  both  sides  of  the  ring,  the  ring  is  placed 
at  the  extreme  outside  of  the  turret,  so  that  tbe  tool  is 
rigidly  supported. 

Quick  Change  G«ar  Lathe.  The  lathe  shown  in  Fig.  271 
represents  a  quick  change  gear  lathe,  which  are  made  from 
12  to  30-inch  swing.  These  lathes  were  designed  to  supply 
tbe  demand  for  a  tool  on  which  a  great  variety  of  work 
could  be  done  and  which  required  continual  changing.  Tbe 
quick  feed  changes  are  obtained  in  the  simplest  possible 
manner  and  so  that  there  will  be  no  undue  friction,  Tbe 
device  contains  the  minimum  amoimt  of  parts,  thus  requir- 
ing the  least  amount  of  care  aiid  assures  long  life  to  the 
lathe, 

Tbe  gear  change  feed  box  is  prowded  with  ample  oiling 
facilities,  tbe  bearings  are  of  proportions,  and  the  entire 
range  of  feeds  can  be  obtained  without  stopping  the  latbe 
or  removing  a  single  gear. 

The  special  features  of  this  quick  change  lathe  are: 

There  are  no  aplined  shafts,  nor  gears  with  key-ways, 
sliding  or  running  on  the  shaft. 

Neither  the  bear  nor  bed  is  weakened  by  slots  cast  or 
cut  in  tiem. 

There  are  no  shafts  in  torsion,  the  power  being  traiiB> 


MACHINE  TOOLS 


350  MACLUNE  SHOP  PRACTICE 


mittei]  entirel.v  by  the  gears,  the  shafts  siinply  act  as  beu^ 
mgs  and  are  nut  used  for  iraiismissioti. 

The  locking  pin  is  arranged  so  it  Joes  not  over*liang  but 
eonnecls  Uie  sleeve  directly  to  the  ease,  and  when  addi- 
tional I'ricliou  is  nece.iaary,  fUe  whoK-  can  be  locked  to- 
getber. 

The  gear  box  is  made  so  that  it  is  impossible  to  mesh  tLe 
gears  on  the  comers,  in  other  words  the  gears  cannot  be 
thrown  into  niesli  until  exactly  in  the  proper  position 
longitudinally. 

The  handle  at  the  bottom  which,  when  placed  in  a  centnl 
position,  allows  the  feed  works  from  tliiil  point  to  rvmaiii 
idle,  so  the  gear!:^  can  be  changed  at  the  highest  speeJ 
vvilhtiut  injury,  the  lower  handle  can  then  be  thrown  which 
connect  the  feed  works  to  the  gear  box. 

The  box  is  designed  so  that  the  speed  of  the  feed  gears 
is  inversely  proportioned  to  the  threads  to  be  cut,  it  bein? 
no  harder  oii  the  gear  box  to  chase  four  than  forty  threads^ 
per  inch. 

No  compound  gearing  used  between  the  spindle  and  the 
feed  box,  loss  of  power,  excessive  strain  and  friction  gen- 
erated by  compound  gears  used  in  other  devices  of  this 
kind  is  thttij  avoided. 

The  gears  are  exceedingly  strong  with  wide  face  and 
heavy  pitch,  and  those  which  mesh  by  tlirawing  them  in  on 
the  teeth,  are  of  steel. 

Tliis  latiie  is  made  with  an  independent  feed  rod,  so  that 
spliiiing  the  screw  is  not  necessary  and  when  the  lathe  is 
used  for  turning,  the  lead  screw  remains  slationar>*. 

The  gear  box  is  so  arranged  that  if  necessao',  anv 
thread  not  on  the  index  plate  can  be  diased  by  using  a 
change  gear  aa  on  an  ordinary  lathe. 

Ail  the  feed  works  nre  easily  accessible,  no  other  part  vt 
the  lathe  has  to  be  removed  to  get  at  them. 
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Qnick  Change  Qexr  Engme  Lathe.     Fig.  272  shows  an 

Instantaneous  Change  Gear  Engine  Lathe,  with  three  step 
cone  and  double  back  gear,  upoo  which  forty  changes  of 
feeds  and  screw  cutting  may  be  obtained,  without  dupli- 
cation, as  shown  in  the  index.  This  lathe  has  reverse  feed 
in  the  head  for  both  feeds  and  screw  cutting,  also  a  re- 
verse in  the  apron  for  feed  and  power  cross  feed.  The 
mechanism  is  so  arranged  that  the  lon^tudinal  and  cross 
feed  cannot  be  engaged  when  cutting  screws. 

Quick  Change  Gear  18-inch  Lathe.  Fig.  273  shows  an 
IS-ineh  Lathe,  with  instantaneous  change  gear  device,  with 
which  forty  changes  of  feeds  and  screw  cutting  may  he 
obtained,  without  duplication.  This  lathe  embodies  all  the 
well  known  features  of  standard  lathes,  having  a  reverse 
feed  in  the  head  for  both  feeds  and  screw  cutting,  also  a 
reverse  in  the  apron  for  feeds,  the  power  cross  feed  is  bo 
arranged  that  cross  feed  and  length  feed  may  he  operated 
at  the  same  time.  Provisions  have  been  made  so  that 
longitudinal  and  cross  feed  cannot  be  engaged  when  cut- 
ting screws. 

Speed  Lathe.  The  lathe  shown  in  Fig,  274  is  just  the 
thing  for  manual  training  aud  technical  schools,  and  is  a 
simple,  strong  machine  with  many  advantages. 

The  bearings  are  self-oiling  and  dirt-proof.  Dirt  cannot 
possibly  get  to  the  spindle,  even  in  the  act  of  oiling  every 
tliree  months  or  so,  as  oil  is  put  in  below  it. 

The  advantage  of  this  occasional  oiling,  and  the  assur- 
ance that  lubrication  is  sufficient  at  alt  times,  will  be  ap- 
preciated by  those  especially  to  whose  care  the  machines 
are  ictrusted. 

The  tailstoek  and  tool-rest  clamp  rigidly  by  means  of  the 
levers  on  the  front  of  the  machine. 

Tool  Maker's  Lathe,  The  tool  maker's  lathe  illustrated 
in  Fig.  275  has  the  spindle  made  of  50  point  carbon  high 
grade  crucible  steel,  and   runs   in  boxes  of  lumen   bronze. 
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Fig  274. 


Tbe  liole  in  llie  spiridlo  is  eleven-sixteenths  of  au  Inch 
diameter.  The  spindle  nose  is  ly^  inches  in  diameter,  with 
8  threads  per  inch.  The  front  spindle  bearing  is  1  7-16 
by  21^/2  inches.  The  eone  ha.s  3  steps  ranging  from  3  to  6 
inches  in  diameter  for  If 2  inch  belt.  The  back  gear  ratio 
is  71/2  to  1. 

The  headstock  is  massivei  double-webbed  its  entire  lengrtb, 
and  not  weakened  to  make  room  for  the  reverse  plate. 
Ample  oiling  faeilities  are  provided,  and  oil-holes  Lave 
dust-proof  covers. 

The  front  end  of  tlie  tailstock  barrel  is  re-enforred  to 
withstand  heavy  Htrains,  and  has  a  No.  2  Morse  taper  in 
spindle,  and  the  set -over  is,  graduated. 

The  apron  is  arranged  for  screw  and  friction  feed.  The 
friction  feed  is  through  a  worm  and  worm  gear  whteh  rnn 
in  oil.    A  power  croBs  feed  is  provided. 
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Threads  can  be  cut  from  6  to  40  per  incli,  including 
11  Vi  pipe  thread. 

The  feed  is  positive  and  is  reversed  in  the  head. 

The  countershaft  has  double  friction  pulleys,  6  inches 
in  diameter  for  a  2-inch  belt,  and  should  run  160  and  220 
revolutioixs  per  minute.  Foot  power  can  be  furiiished  if 
desired. 


Fig.  275. 

The  'athe  is  made  with  either  plain  block,  compound,  or 
rise  mid  fall  rest. 

UJUTersal  Torret  Lathe,  In  a)l  sizes  of  the  machine 
shown  in  Fig.  27G  the  bed,  pan  and  headstock  are  made  in 
a  single  casting,  thus  greatly  increasing  rigidity,  without 
corresponding  increa.se  of  weigtit,  and  through  this  feature 
alone  making  greater  accuracy  possible  by  preventing  any 
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8p>x~ing    and    movement    of   parts    upon    each    other    imder 
8tz-;a.in. 

Id  these  lathes  the  spindle  construction  has  received  spe- 
ciaul    consideration,  and  in  it  have  been  incorporated  refine- 
ments in  the  direction  of  accuracy  heretofore  used  only  in 
tlie    highest  grade  of  toolmakels'  lathes  and  precision  tools. 
The   spindle  is  not  only  ground  externally  where  it  runs  in 
bearings,  but  in  the  end  of  it  is  a  hardened  tool-steel  liner 
forced  into  place,  and  after  the  spindle  is  mounted  in  its 
bearings,  the  nosepiece  is  ground  internally  and  externally, 
the  closer  for  the  chuck  jaws  is  also  hardened  and  ground, 
as   likewise  are  the  chuck  jaws  or  collets  themselves,  thus 
ensuring  perfect  concentricity  of  spindle  and  all  parts  car- 
ried by  same.     The  removal  of  the  nosepiece  for  the  pur- 
pose of  mounting  a  large  chuck  on  the  spindle  does  not  in 
any  way  disturb  the  adjustment  of  the  regular  automatic 
chock  as  it  does  in  some  other  turret  lathes. 
In  the  closing  operation   the  immovability  of  the  chuck 
;       18  another  characteristic  and  particularly  valuable  feature 
I        where  second  operations  are  required,  as  the  stock  is  not 
niov«d  lengthwise.     This   feature   makes   possible   the    ad- 
'•Otageous  use  of  split  step  chucks,  and  these  are  the  only 
toret  lathes  on  which  such  attachments  can  be  employed, 
•ode  firom  the  bench  or  watchmakers'  lathes  on  which  tur- 
roto  are  sometimes  employed  where  extreme  accuracy  in  a 
tiniet  machine  is  required. 

A  very  eflScient  power  rod  feed  is  used  on  these  Turret 
Lathes,  while  on  smaller  machines  an  improved  type  of 
lever  rod  feed  is  employed. 

The  power  rod  feed  has  many  advantages.  It  does  not 
■Mr  the  rod,  as  it  handles  squares  and  hexagons  as  easily 
«s  rounds,  and  has  no  delicate  parts  to  get  out  of  ad- 
jnstment. 

The  illustration  in  Fig.  276  above  shows  the  rod  feed 
oieehanism  for  the  Turret  Lathe.    The  carrier  is  not  shown. 
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but  one  end  of  liie  steep  pitch  screw  whicli  traverses  it  can 
be  seen  at  tbe  left  of  the  illustration.  This  screw  is  *t- 
tachet]  to  a  clutch  placed  between  two  gears  wbieh  run  in 
opposite  directions. 

When  the  chuck-jaws  are  opened,  the  clutch  is  tbrown 
in  and  the  stock  is  travei-aetl  up  to  the  stock-stop.  The 
dutch  is  auloniaticBlly  throwD  out  hj  a  very  sitnple  derice: 
When  the  stock  touches  the  stock -stop  the  carrier  lends  to 
puil  the  steep  pitch  screw  away  from  the  lathe  and  as  tbi* 
screw  is  attached  to  the  clutch  it  pulls  tbe  clatcfa  ant  of 
contact.  A  handle  is  provided  for  reversing  the  screw  when 
it  becomes  necessary  to  run  the  carrier  back  for  a  new 
grip. 

The  improved  lever  rod  feed  used  ou  the  turret  lathes 
gives  about  double  the  feed  of  rod  to  a  given  movement 
of  tbe  lever  than  was  formerly  possible  with  this  t}-pe  of 
rod  feed. 

The  machines  are  furnished  with  a  follower  bar  whicJi 
enables  short  pieces  of  stock  to  be  as  conveoieiitly  handled 
as  long  bars  and  at  the  same  time  serves  to  keep  saeb 
pieces  concentric  with  the  spindle.  This  arrano^ement  is 
much  preferable  to  tubes  placed  within  the  spindle  foi 
roughly  centering  small  and  short  pieces  of  bar,  and  feed- 
ing this  crop  end  throagh  by  hand,  or  pushing  it  witli  a 
long  bar. 

For  gau^ng  the  length  of  stock  delivered  by  the  rod  feed 
on  tbe  machines,  an  auxiliary  stop  is  provided  on  the  head- 
stock.  This  stop  when  not  in  nse  is  swung  upwards  out 
the  way  of  the  operator  and  the  turret  tools.  It  is  stiflf 
and  allows  no  chance  for  variation  wUen  once  set  to  a 
given  length.  Fine  adjustment  for  position  of  stop  is  made 
by  a  fitting  at  the  outer  end. 

On   these  machines   the   cross-slide  is  operated   by  lever 

with  pinion  and  rack,  and  by  screw  with  hand-wbeel,  the 

change   from   one   to   the   olhor  method   being  made   in   a 

k    moment  by  tbe  operator, 
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The  Automatic  Turret.  The  antomatic  Turret  shown  ia 
Fig.  277  has  as  few  parts  as  possible  in  its  ponstniction  m4 
c&a  be  Rtted  to  any  make  of  lathe  from  12  inch  to  30  indij 
Bwitig, 

The  turret  block  revolves  automatically,  and  when  tfie| 
top  slide  is  Unsh  with  the  bottom  it  can  be  revolved  ht ' 
hand,  and  any  tonl  can  be  rapidly  brought  in  position  (of 
work.  Wear  bctw'cpn  the  turret  block  and  stem  is  taken 
lip  by  an  adjustable  taper  bush.  The  indexing  ring  is  <>( 
large  diameter,  made  of  tool  steel  bard'3iied  and  groand, 
as  is  also  the  locking  plunger,  which  takes  a  bearing  <in 
both  sides  of  the  locking  ring.  The  locking  plunger  auto- 
matically adjusts  itself  for  wear.  The  top  slide  is  square- 
gibbed,  and  is  adjusted  with  a  taper  gib.  The  turret  is 
firmly  clamped  in  any  position  on  the  bed  by  two  eccentric 
damps  operated  by  a  wrench  from  the  front. 
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Fig.  278, 


The  power  feed  la  positive,  and  is  engaged  by  a  lever  at 
the  front  of  the  turret,  and  can  be  tripped  to  a  line  in 
any  position  by  an  adjustable  stop.  The  feed  belt  on  the 
small  t'r  sizes  can  be  made  endless,  as  it  is  always  kept  at 
the  proper  tension  by  a  swinging  belt-tightener.    The  larger 
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«tiEes  are  driven  by  a  silent  chain,  and  means  are  provided 
for  obtaining  quick  chaoges  of  feed  tLrougli  gears  by  a 
lever  at  Ihe  front  of  the  laLhe. 


» 


Block  Rest  with  Chasing  Stop. 


Tig,  278  shows  one  of  Ihe  [tJainest  and  most  solid  forms 
of  rest,  and  for  plain  hard  work  there  is  nothing^  better. 
The  tool  post,  riug^  and  wedges  are  made  of  machinery 
steel  and  ca.=ie-hardened.  Adjustable  taper  gibs  are  used  for 
takiag  up  the  wear  on  nil  sliding  surfaces, 

^B  Oom pound  Rest. 

Fiff.  279  shows  a  compound  rest.  The  swivel  is  gradu- 
ated to  180  dej»rees  and  is  invaluable  for  turniun;  anD;ular 
work  or  boring  taper  holes.    The  top  slide  screw  is  grada- 
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»'ed  to  thousandths  of  one  inch  for  chasing.  The  tool  post, 
fiijrs  and  wedges  are  made  of  machinery  steel  and  case- 
Iwriltced.  Adjustabte  taper  gibs  are  used  for  taking  up 
tie  wear  on   all  sliding  surfaces. 

Full  Swing  Best.  The  rest  shown  in  Fig.  280  is  to  be 
tlwEfa'd  on  the  carriage,  and,  as  the  name  implies,  it  can 
be  Qsed  for  taming  the  fall  swing-  o2  the  lathe.    It  is  also 
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^H  tiiviiliuiUle  wiicQ   used  in   coDnection  with  the  re^lar  rest 

^H  For  iostouce,  two  steps  of  a  cone  pulley  can  be  turned  tt 

I  Pig.  280. 

once  by  usioft  both  rests  al  the  same  time.     Two  tools  «•" 
niso  be  iif'il  in  rtJut;Iiiny. 

latercbaageable  Turret,  Figure  2S1  shows  an  enp"* 
lilt  In-  HMfd  witU  a  Tnrret  on  the  Carriage.  The  cotnbin'- 
tioii  (iroducps  au  excellent  chucking  lathe,     TUey  are 


Fig.  281. 

rntely  and  substantially  niade  and  will  index  to  the  (M* 
thousandth  part  oi'  an  inch.  The  locking  ring  and  pin 
are  made  of  tool  steel,  hardened  and  ground.  The  locking 
pin  has  a  bearing  on  both  sides  of  the  lacking  ring.    The 
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center  stud  is  tapering  and  fitted  with  a  hushing  so  that 
oil  wear  between  tbe  stud  and  taper  can  be  adjusted,  Tur- 
*^t8  arranged  in  this  way  have  all  the  feeds  of  tbe  engine 
lathe,  such  as  the  power  cross  feed  for  scaling  off  work, 
the  length  atid  screw  feeds  for  boring,  reaming  and  tapping. 
"hev  caa  be  used  for  facing,  and  the  larger  sizes  will  ban- 
*l'e    box  or  forming  tools  to  advantage. 

There  is  a  substantial  stop  at  the  rear  of  the  turret  to 

nl-ways  bring  it   to  tbe  correct   central  position.     This  cnn 

**«    turned  out  of  the  way  wheo   using  the  conijiounj  rest. 

liathe   Apron.     The   apron    shown    in   Fig.   282   is    of   a 

Beared  type,  doing  away  with  worm  and  worm  wheels.    All 

the  feeds  are  reversed  in  the  apron,  and  arrangements  are 


Fig.  282. 

made  for  dropping  the  rack  pinion  when  chasing  long 
screws.  There  is  also  a  device  for  preventing  Ibe  simul- 
taneous engagement  of  the  rod  and  screw  feeds.  All  gears 
in  the  apron  are  cut  from  the  solid,  the  bevel  K'^i'^  and 
pinions  are  cut  from  steel.  All  the  studs  are  hardened  and 
ground.  On  the  lai^r  sizes  a  special  bracket  i.s  used  to 
support  the  rack  pinion  slud  at  ils  outer  end.  The  longi- 
tudinal and  cross  feeds  are  both  automatic.  The  crora 
feeds  are  graduated  to  the  one-thousandth  part  of  an  inch. 
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snhg  or  turning  to  any  desired  taper  can  he  aceom- 
plisUt'd  with  tbis  taper  attachment,  np  to  3  inches  to  the 
foot,  and  it   does  not  admit  of  lost   motion. 

Fhis  taper  attachment  can  be  fnmishecJ  with  a  lathe  as 


fig.  ZS4. 

oBtrtrs,  with  plain  rest  and  power  cross  feed  on  any  engine 
lilhes   from   12*  lo  31)  inch  swintr,  inclusive. 

With  comfwund  rest  and  power  cross  feed  on  any  engine 
lathes  from   12  to  30  inch  swing,  inclnsivc. 

With  elevatjnjr  rest  and  power  cross  feed  on  14  and  IS 
itich  swing  engine  lathes. 

With  elevating  rest, 
but  without  power 
cross  feed,  on  13  inch 
swing  engine  lathes. 

With  either  plain 
rest  or  elevating  reat 
on  14  or  16  inch  stud 
and  holt  lathee. 
Thread  Obasing  Dial 
Some  lathes  are 
Fig.  2SG.  furnished  with  a  chaa- 

loi  dial  as  shown  in  Fig.  285  with  which  all  threads  can 
^  cut  without  stopping    the    lathe  or  reversing  the  lead 
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No  backlog  belt  is  reqnind  vith  this  denee,  Wii 
belU  can  be  nm  forward,  giving  a  greater  aanber  o{ 
spondle  apeeda.  With  this  chasiag  dial  all  even  threjib  on 
be  evt  b7  enga^ng  the  lead  screw  with  any  line  oa  tki 
(tial.  all  odd  threada,  sack  as  7,  9,  11,  et«^  oo  the  loof;  Fimi 
only.  This  lidle  device  it  said  to  effect  a  savta;  o(  33 
per  cent  in  the  time  of  Aaaag  serewa. 


rig.  S86, 


Three  Tool  Shafting  Best,  Tbe  Three  Tool  Shafting^;^; 
Jiexl  sliowii  in  Fig.  286  ia  made  in  two  sizes  for  24-incb  *"  v" 
and  30-irich  Indies.  It  is  arrarifred  for  flooding  the  work  ::5**i 
with  water,  and  can  be  furnisbed  with  a  pump  it  desired.    -^*l 


vie.  238. 


TooI-PoatB,  Fonr  styles  of  tool-posts  are  shown  in  Figs. 
•S7  and  288.  The  ilrawiii?s  show  so  clearly  the  constructioii 
phiit  no  further  cxploJiation  is  deemed  iiecesgaij. 
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Table  No.  17 — Cutting  Speeds  and  Feeds. 


STEEL. 


BOUamNQ  CUT8. 

nXISHIHa    CCT8. 

Diameter  of 
work  In  tncbes. 

Speed  in  Revs, 
per  minute. 

Feed. 

Speed  in  Revt. 
per  minute. 

Feed. 

1  and  less 

1  to     2 

2  to     3 
8   to     6 

68 
57 
57 
48 

25 

95 
25 
20 

68 
57 
48 
48 

80 
80 
30 
80 

WBOUQHT-IEON 

1  and  less 

112 

26 

121 

SO 

1   to     2 

80 

20 

96 

80 

2   to     4 

80 

20 

80 

25 

4    to     6 

72 

20 

72 

25 

6    to    12 

63 

15 

72 

20 

12    to    20 

57 

12 

58 

16 

1  and  less 

2  to     5 
6    to    12 

12    to    20 


CAST-IEON. 


1  and  less 

121 

20 

121 

20 

1    to     2 

112 

20 

112 

16 

2    to     4 

96 

20 

96 

10 

4    to     6. 

80 

16 

80 

6 

6    to    12 

63 

14 

63 

6 

12    to    20 

63 

10 

63 

4 

BRASS. 


1  and  less 

380 

25 

380 

26 

1    to     2 

818 

25 

318 

26 

2    to     4 

265 

26 

265 

25 

4    to      6 

229 

26 

229 

25 

6    to    12 

191 

26 

191 

25 

1114 
796 
637 
477 


COPPER. 

25 
25 
26 


1278 
954 
637 

477 


25 
25 
25 
80 
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shown  in  Fig.  293  mainly  used  for  aqu&nag  up  the 
I  of  shafting  or  the  sides  of  collars  and  washers.  The 
t  A  of  the  cutting  edge  should  be  level  with  the  een- 

r 


Fig.  293. 

C  which  supports  the  work  D  and  be  set  at  an  angle  of 
tit  30  degrees  with  the  horizontal  center  line  for 
ught  iron  and  steel  and  level  if  used  for  brass  or  east 


a  lathe  tool  be  supposed  to  be  turning  down  or  re- 
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ilio  diameter  ol'  a  piepe  of  work  in  the  direction  at 
1,'tli,    the   afi;^ie   of   clearance   of   the    tool    woidd 
lined  tinder  all  conditions  of  work  and  rate  ot 
eneti  successive  cut   the  angle  of  clearance  ut 


m  m 
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1 


FlK-  2S5. 


lb 

8 


9 


Fig-  2L. 


■tnnd«  At  S^Yi  degrees  witb  a  ri^ht  angle  line  drawn  {ram 
the  point  A.  In  position  2  it  stands  at  lO^^  degre«s  and 
in  position  3  at   15  de^eea  from  the  point  A.     A  spedal 


set  of  lathe  tools  are  illustrated  in  Fig.  295  and  their  re- 
spective uses  designated  below : 

1  — Left  hand  side  cutting  tool. 
2— Side  tool   for  heavy  roughing. 
3 — Left  hand  side   facing  tool. 
4 — f^ront  cuttirifj  tool  for  brass, 
5— Right  hand  side  tool  for  braas. 
6— Right  hand   lool  for  boring. 
7— Right  hand  tool  for  heavy  boring. 
8— Round  nosed   lool  for  iron  or  steeL 
9— Cutting-off  tool   for  small   work, 
10— Deep  cutting-ofl!  tool  for  large  work. 

A  standard  or  regular  set  of  lathe  tools  is  shown  in  Fig, 
296,  the  drawing  is  self  explanatory. 


Fig.  29 T. 


A  set  of  boring  tools  fnr  lathe  use  are  illustrated  in 
F%.  297,  No.  1  is  for  taking  a  heavy  cut  in  wrought  iron. 
No.  2  for  use  on   wrought  icon  when  the  work  is  som^ 
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dde  upon  any  3  gears,  as  those  for  the  spindle  and  stud- 
gears,  tlieti  multiply  the  number  of  teeth  in  the  spindle- 
gear  by  the  ratio  of  the  screw,  and  by  the  number  of  teeth 
in  that  gear  or  pinion  which  is  in  contact  with  the  gear 
on  the  end  of  the  screw.  Diride  the  product  by  the  num- 
ber of  teeth  in  the  stud-gear  ir.  contact  with  the  spindle- 
gear,  and  the  quotient  is  the  number  of  teetli  required  in 
the  gear  on  the  end  of  the  leading  screw. 

Example:  A  screw  is  required  to  be  cut  with  25  threads 
in  one  inch,  the  leading  serew  as  before,  having  2  threads 
in  one  inch.  A  gear  of  00  teeth  is  used  upon  the  end  of 
the  lathe  spindle  20  teeth  for  the  pinion  in  contact  with 
the  last  screw  gear,  and  100  teeth  for  the  pinion  in  contact 
with  the  gear  on  the  end  of  the  lathe  spindle.  Required 
the  number  of  teeth  in  the  .e:ear  for  the  end  of  the  leading 
screw. 

Answer:  25^^=12.5,  and  (60X12.5X^0)^100^150 
teeth. 

Or  if  the  spindle  and  lead  screw  gear  to  be  those  fixed 
apon,  or  any  one  of  the  stud-gears  to  find  the  number  of 
teeth  in  the  other  gear,  then  (flOX12.5tH-(150X100  )=20 
teetli,  or  ( 60X12.5X20  )-i-100=100  teeth. 


^ 
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Table  No.  18 — t'lUMiE  Gears  for  Screw  CtPmNO.    The 

Lkaiuxu  Sckrw  Rkino  'i'-ineh  PrrcK  or  2  Threl\ds 

I'KR  Isi'H  (IP  Screw. 

I     1    [fi'th  lu 

= 

NiiinlHT  nt  te^tti  In 

NuiutH?r  of  t^th  b 

■c 

■c   . 

13    , 

'A 

'A 

i 

li 

-1 

II 

P 

CO 

Si 
ex 

"E 

1^ 
s  « 

e  s 

11 

it 
S 

1.',  =     „•  £    ,;  a 
1 

HI 

S3 

H-;  at 

40 

si 

55 

20 

li 

60 

is 

19 

•4» 

20 

ICO 

1        Sll 

4t. 

50 

95 

11 

Kll 

5U 

H.'. 

mi 

85 

m 

m 

19i 

80 

120 

20 

13U 

1,'. 

B\\ 

<iO 

a; 

4iU 

70 

2V 

7r> 

20 

60 

100 

20 

133 

Vi 

m 

7<t 

!'.'. 

!)''      9(J 

20 

95 

20J 

40 

90 

20 

90 

2 

m 

«1( 

" 

m 

20 

65 

21 

80 

120 

20 

140 

» J 1 

m 

^i:  .,1  I  (it) 

75 

20 

8U 

22 

60 

no 

20 

120 

^i 

80 

11)11 1  iii:,  1  ',(\ 

70 

20 

75 

224 

80 

130 

20 

150 

1 
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To  find  the  angle  or  rate  that  most  be  given  to  the  nose 
of  the  tool  in  a  screw-cntting  lathe,  so  as  to  cnt  a  square- 
thread  screw  without  injury  to  the  sides  of  the  threads. 

Draw  a  right  angle  triangle  the  base  of  which  equals  half 
the  pitch  of  the  screw  to  be  cut,  and  the  perpendicular 
equals  the  diameter  of  the  screw  minus  the  double  depth 
of  the  thread.  The  hjrpothenuse  of  the  triangle,  drawn 
from  the  end  of  the  base  to  the  end  of  the  perpendicular, 
pves  the  angle  or  rake  for  the  tool  from  a  vertical  line 
with  the  bed  of  the  lathe. 

Uafaig  the  Center  Qange.  The  angles  used  on  the  gauges 
shown  in  Fig.  298  are  60  degrees  for  the  U.  S.  Standard 
md  Metric  Ganges,  and  55  degrees  for  the  Whiteworth  or 


Fig.  298. 

Ibglish  Standard.  The  four  divisions  14,  20,  24  and  32 
parts  to  the  inch  are  useful  in  measuring  the  number  of 
threads  to  the  inch.  The  following  parts  to  the  inch  can 
In  determined  by  them,  viz. :  2,  3,  4,  5,  6,  7,  8,  10,  12,  14, 
16,  ao,  24,  28  and  32. 

The  table  on  the  g:auge  is  used  for  determining  the  size 
ef  tap  drills  for  sharp  60  degree  V  threads  and  shows  in 
.  thousandths  of  an  inch  the  double  depth  of  thread  of  taa 
end  screws  of  the  pitches  most  commonly  used.  This  table . 
ii  made  np  by  dividing  1.732*,  the  double  depth  of  thread  ^■ 
of  a  screw  that  is  one  pitch,  by  the  number  of  threads  of 
the  various  pitches  shown.  For  instance,  the  decimal  .433 
iiqiresents  the  double  depth  of  the  thread  of  a  screw  that 
»  4  pitch,  is  obtained  by  dividing  1.732  by  4.  In  the  same 
maimer  the  double  depth  of  thread  of  pitches  not  shown  in 
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ilie    lablt'  tniiy  be  readily   obtnined.     Tlie   double  depth  <^ 
thread  of  a  serew  liiat  is  2  pitch,  is  one-half  of  1.7^ 

As  the  ddiilile  ilc^jitti  of  the  thread  represents  Ite  &(• 
fi'roiK'c  in  the  diiimcter  i>f  a  tap  and  a  tap  drill,  to  A- 
tfiiii  the  dijiuicter  of  a  tup  dritl  of  any  desired  pitch  ill* 
unly  iiewssary  to  subtract  the  decimal  shewing  the  douWi 
(k'plli  of  the  llircttd  of  that  pitch  from  (he  diameter  of  tie 
lap.  For  I'xnujple,  if  the  top  is  4  pitch,  is  a  sharp  V 
111  read,  and  one  iiicfi  in  diami^tcr,  subtract  .433,  the  deeinuJ 
sliowiu^f  lln'  douiik'  <leplh  of  the  thread  of  this  pitch  in 
the  tabli,  I'liiiu  1  and  the  i-esult,  ,i567  of  au  ineh,  is  tiw 
f'l/.v  of  \\h'  lap  iliill,  which  would  allow  of  a  sharp  tlirti^ 
ill  llic  hole.  Allownnct'  is  to  he  made  for  the  extent  Ui 
which   it    is  dcsiirt'd   I  lie   threads  should   be   flattened. 

The    r.    S.    Standard    Thread    is   flattened,    top  and  bo^ 
toni.  1-S  id'   h^  ik'nlli,  so  that  the  sixes  of  tap  drills  ttir 
this  style  of   ihiejul    may  be  obtained  by   dividintr  the  Mm- 
stain  l:2'.ii).  uliiidi  is  :i-4  of  the  constant  1,732,  by  the  piKii  > 
and  snl)(  rai-iiiiL;  ilii>  result  from  the  outside  diameter. 
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d,  ana  at  C,  the  correctness  of  the  angle  of  a  screw 
1  already  cat. 

i  shaft  with  the  screw  thread  on  it  is  supposed  to  be 
between  the  centres  of  a  lathe.  By  appljdng  the 
J  as  shown  at  D,  or  E,  the  thread  tool  can  be  set  at 


Fig.  299. 

angle-  to  the  shaft  and  then  fastened  in  place  by  the 
in  the  tool  post,  thereby  avoiding  any  imperfect  or 
ig  threads. 

F  and  G,  the  manner  of  setting  the  tool  for  cutting 
threads  is  illustrated, 
rk  done  on  the  Tnrret  Lathe.  The  parts  shown  in 
300  are  a  few  of  the  many  that  can  be  made  on  an 
latic  turret  lathe,  as  shown  in  Fisr.  276. 
practice,  all  pieces  are  made  from  a  continuous  bar 
ire  machined  as  follows:  A  Ions?  bar  of  iron  or  steel 
shed  through  the  snindle,  until  the  piece  projects  be- 
the  chuck  long  enoiijrh  to  make  the  piece  desired, 
rarious  tools  on  the  turret  are  set  for  the  different 
ters  and  cuts,  and  after  each  performs  its  operation, 
turned  out  of  the  way  to  admit  the  next  tool.     Since 
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Fig.  300, 

a   number  of   tools   are   set   for   the   varions   diamclers,  H  \ 
gives  lliis  mai'hine  a  great  advantage  over  the  lathe  i 
there  is  but  one  trwl. 
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HILUNG  MACHINES. 

Enctiac  Milling  Macbines.  Erect  the  miller  on  a  good 
floor.  It  is  essential  that  the  floor  be  free  from  vibrations 
)Uid  stiff  enough  so  that  it  will  not  give  under  the  weight 
of  the  miller.  Where  possible  a  stone  or  concrete  founda- 
tion will  answer  the  purpose  much  better. 

When  leveling  use  only  solid  packing  under  the  base. 
I-evel  in  both  directions,  using  an  accurate  level.  See 
•hat  the  column  rests  securely  on  all  corners. 

PUce  the  countershaft  directly  over  the  miller.  This  is 
M«««aiy  in  order  to  have  the  belt  clear  the  overhanging 
«nn  support.  Have  the  hanger  .iournals  in  line  with  the 
'  line  shaft.  When  the  hangers  are  securely  tightened  the 
wnntershaft  should  revolve  freely.  Place  the  thrust  col- 
lanf  so  that  the  shaft  has  one-eighth  inch  end  play.  The 
on  the  bushing.  This  end  play  helps  to  distribute  the  oil 
pnllfvs  also  should  have  one-sixteenth  of  an  inch  end  play 
'  Place  the  pulley  for  the  slow  speeds  next  •  to  the  driving 
tone  Both  driving  cones  should  run  in  the  same  direction, 
this  will  double  the  spindle  speed^^,  it  also  will  give  a  quick 
change  without  shifting  the  belt. 

Tie  countershaft  pulleys  can  be  oiled  without  throwing 
off  the  belt,  and  should  be  oiled  once  a  month.  The  hangers 
have  self-oiling  journals  and  the  reservoir  should  be  filled 
to  the  oil  hole.  The  countershaft  should  be  speeded  nc- 
emdiag  to  the  diagram  so  that  an  intermediate  change  of 
spee^  between  the  cone  changes  is  had.  This  gives  the  be."t 
and  jrreatest  range.  Care  must  be  taken  that  the  feed  pulley 
runs  in  the  direction  shown  by  the  arrow  on  feed  box. 

Tc    oil    the  machine   observe   the    following   rules:     l.'se 
good   mineral  oil.     Fill  the  spindle  oil  chambers  from  the 
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enre!y  lock  it  for  end  movement.  The  gib  being'  securely 
fastened  cannot  raise  or  move  when  the  table  is  at  the 
extreme  position.  By  this  method  freer  table  movement 
is  aeeured,  avoidins  the  cramp'  occagioned  by  the  movement 
of  the  frib.  To  adjust  the  knee  and  saddle  gibs  tighten  the 
large  tilisler  head  screws. 

Locking  the  movements  is  entirely  independent  of  the 
gib  adjustment  and  is  sccomplished  by  the  locking  handle. 
In  accurate  work  see  that  all  movements  not  in  use  are 
securely  locked,  this  D;^rea(!y  stifFens  the  machine.  Place  the 
cutter  as  close  to  the  body  of  the  machine  as  possible.  Use 
the  braces  and  supports  on  the  overhanging  arm  lor  heavy 
work.  Two  supports  are  usually  furnished.  If  the  cutters 
are  uaetl  at  the  extreme  end  of  a  Jong  arbor  see  that  both 
supports  are  used.  The  brace  can  be  set  at  cither  side  of  the 
knee  slioe,  giving  the  maximum  amount  of  cross  movement 
when  brace  is  used.  It  can  be  bolted  to  either  of  the  arbor 
supports. 

To  remove  the  spindle  from  the  maii'hitie  take  off  the 
nut  carrying  the  arbor  extracting  rod,  'uiserew  the  inside 
nut,  and  this  will  force  the  spindle  out.  Care  should  be 
taken  of  the  last  two  or  three  threads  by  tappinnr  the  end 
of  the  spindle  with  a  piece  of  babbit  or  some  soft  metal 
so  that  the  nut  can  he  removed  without  forcing.  When 
this  nut  is  clear  of  the  thread  the  spindle  can  be  with- 
drawn from  the  machine.  The  nnt  must  be  raised  to  clear 
the  spindk'   key. 

Use  of  MiUine  Machijies.  Oi!  is  used  in  milling  to  ob- 
tain smoother  work,  and  to  make  the  milling  cutters  last 
longer,  and,  where  the  nature  of  the  work  requires,  to 
w&sb  the  chips  from  the  work  or  from  the  teeth  of  the 
eiitlers.  It  is  genernlly  used  in  milling  a  large  number  of 
pieces  of  steel,  wrought  iron,  malleable  tron  or  tough  bronze. 
When  only  a  few  pieces  are  to  be  milled  it  frequently  is 
not  nsed,  and  some  steel  eastings  are  milled  without  oil. 
In  cEttting  cast  iron  oi]  is  not  used.  For  light,  flat  cuts  it 
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19  put  oti  llie  eutter  with  a  bmsb,  giving  the  work  a  tbin 
poveiinj;  like  a  varnish.  For  heavy  cuts  it  shonhl  be  led 
to  the  tail!  from  tlie  diip  can,  or  it  should  be  pnmpei!  upon 
or  across  the  eutter  in  cutting  deep  grooves,  in  milling  sev- 
eral jjrooves  at  one  time,  or  in  milling  any  work  wfifr*, 
if  the  chips  should  stiek,  they  might  patch  hetween  the 
teelli  and  sides  of  the  ^oove  and  siTatch  or  bend  the  wott 
Generally  iard  oil  is  used  in  milling,  but  any  animal  or 
fish  oils  may  be  used.  The  oil  may  be  separated  from 
the  chips  by  a,  centrifugal  separator,  or  by  the  wet  proctss, 


Fig.   301. 

So  tbat  a  large  amount  may  be  used  with  but  little  waste^^ 
Some  manufncturera  prefer  to  mis  mineral  oil  with  lard- 
oil. 

There  is  a  difference  of  opinion  as  to  whether  the  work 
should  he  moved  ajjain.Bt  the  milling-  cutler  as  in  Fig.  301. 
But  in  most  cases  experietice  sliows  it  is  best  for  the  work 
to  move  against  the  milling  eutter  as  shuwn. 

When  it  moves  in  this  way  the  teeth  of  the  cutter,  in 
commencing  their  work,  as  soon  as  the  hurd  surfncc  or 
scale   is   one   broken,   are   immediately  brought   in    contact 
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tlie  softer  metal,  and  when  the  scale  is  reached  it  is 
or  broken  off.  Also  when  a  piece  moves  in  this  way, 
Iter  cannot  dig  into  the  work  as  il  is  liable  to  do 
liie  bed  is  moved  in  the  opposite  direetioti.  When  a 
is  on  the  side  of  a  cutter  that  is  luovinf;  downwards, 
iece  should,  as  a  rule,  have  a  rigid  support  aud  be  fed 
iisitij  the  knee  of  the  maehine, 

toe  work,  however,  is  better  milled  by  moving  with  the 
I".  To  di.  ■  both  sides  of  a  thick  piece  with  a  pair  of 
I  straddle  mi]l»  as  shown  in  Fig.  302,  it  is  better  to 


Fig.    302. 

tile  piece  towards  the  left  instead  of  the  right  as 
in  Fig.  .301.  as  the  raiiliiifc  cutters  then  tend  to  keep 
in  place  instead  of  lit'tinp  it. 
Machine.  The  foUowinfj  description  in  connection 
'he  illustration  shown  at  Fig,  303,  will  give  the  names 
*  pmeipal  parts  of  a  milling  macliiiie  and  their  vise: 
[  Is  the  islandard  or  column  on  which  arc  attached  the 
Wpal  parts  of  the  machine, 

^ia  the  horn  and   carries  the  elevating  screw  which  is 
tu  raise  and  lower  the  table  G, 
the  screw  spindle  of  the  transverse  or  cross  feed  ad- 
Bl  for  the  table  G. 

the  screw  spindle  with  a  micrometer  attachment  for 
id  lowering  the  table  O. 


rsAcncE 
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K  is  the  universal  (iividins  bead  witli  power  feed, 

L  is  the  foot-eenler  or  tail-stock. 

M  is  the  lever  for  tlirowins?  the  baek-gears  in  and  out  of 
mesh. 

Autom&tic-feed  Milling  Machines.  The  journals  of  the 
machine  shown  in  Fig.  3t)4  are  taper,  self-oiling  and  self- 
acljusling,  running  in  annular  beartnj;s,  and  capable  of 
prolons;ed  use  without  showing;  perceptible  wear  or  need  of 
altera  lion,  and  especially  adapted  to  maintain  true  align- 
ment of  the  spindle. 

The  front  journal  and  thrust  collar  which  runs  loosely 
between  the  face  of  the  brariir;^  and  spindle  collar, 
are  so  proportioned  in  their  combined  beurins;  surfaces  as 
to  compensate  each  other  for  what  wear  ma.y  take  place, 
and,  as  they  are  properly  adjusted  and  tjsted  before  leav- 
ing the  factory,  will  call  for  liltle  or  no  attention  outside 
of  occasional   renewal   of  uil   sujiply  in   oil  pofliets. 

The  rear  journal  is  entirely  independent  of  the  spindle, 
and  consists  of  a  steel  shell  keyed  to  but  sliding  on  the 
same.  Its  adjustmeiiia  are  independent  of  those  of  the 
front  journal,  juid  readily  allow  for  contraction  and  ex- 
pansion  of  spindle   under  ch;n;es  c£  temperatures. 

Large  oil  pockets  are  molded  in  eiiher  housing  directly 
under  the  bearings,  in  which  the  oilitjg  rings  are  suspended. 
These  rings  revolve  with  the  spindle  and  cause  a  constant 
flow  of  oil  to  the  hearings  ns  long  a',  {hv  spindle  revolves. 
The  oil  pockets  should  be  filled  rnitil  the  oil  shows  in  the 
oil  hole  covers  at  the  side  of  the  bearings. 

The  driving  eone  has  four  steps,  and  with  the  back  gears 
provides  ei:;ht  changes  of  speed  to  the  spindle,  which  may 
be  doubled  with  the  two-speed  couiiterehaft.  The  back 
gfcrs  are  fully  coveied  and  protected. 

The  upper  housings  carrying  the  overhanging  arm  are 
jinntilar  in  fonn,  the  arm  (ittiii-^  the  sleeves  properly, 
clamping  being  effected  by  suitably  shaped  split  bushings 
locked   to   the   arm   by   means   of   the   binding  handles   u 
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tbown  in  the  puis.  TLe  use  of  the  front  bindiug  baoiile 
alone  is  sufficient  to  liold  llie  arm,  as  with  binders  1<k» 
there  is  no  possibility  uf  shake  in  either  beuriug.  This  vt 
believe  to  be  an  important  improvement  over  the  eommon 
fono  of  split  shell  for  the  luuisiNjrs,  which  when  cluspRt 
is  liable  to  tjistnrli  the  alii^nnieiit  of  the  ariti  with  the  bole 
in  the  spindle. 

The  overhanging  arm  is  amply  proportiunej  in  each  fM 
machine  so  as  to  riffiilly  support  the  outer  enJ  of  tlic  cut- 
ter arbor  when  under  a  heavy  cut.  The  machines  are  «ll 
tilted  with  the  strai-.'ht  bar  and  removable  petidaol,  a  desir- 
able feature  where  frequent  changes  to  the  vertical  spindle 
or  other  attachments  are  uecessary.  All  machines  are  for- 
nished  with  the  aiip[)ortin^  braces  to  knee,  as  shown  in  cnt«, 

The  means  for  supjiorting  the  cutler  arbors  are  as  fal- 
lows; All  adjustable  ceuter,  small  briMue  collet,  and  Inrc 
shell  bnshingr,  furnishing  a  variety  "f  supports,  suitable  fnr 
each  elass  of  millinjr,  whether  it  be  liL'ht,  mfdinm,  or  hc«Tj'. 

All  (lie  machines  have  their  cenlei   distances  located  »nd 
bored  through  the  baek-»«ar  arms,  overhead  arm  and  spin- 
dle housing;s  in  a  mill  especially  desi<;;ied  and  cotistnicte^ 
for  this  work.     This  mill  supports  and  Incites  the  body   ''^ 
the  machine  from  its  finished  column,  and  insures  accnri**' 
right-angled  alignment  of  nil  holes  wi  li  the  column. 

The  saddles  and  swivels  are  made  liberal  in  sijte  ar^^ 
weight,  with  long  win;::*,  giving  extra  length  of  bearing  U 
the  table,  and  increased  support  even  when  the  table  £^ 
used  in  its  extreme  positions. 

The  sv^ivel  carriage  for  universal  machines,  carrying  thr- 
table,  is  gradnated  in  degrees  thruugh  an  arc  on  its  fronV 
surface,  and,  the  feed  of  the  table  being  actuated  from  th«* 
center,  it  can  be  set  and  used  at  any  angle  dp  to  4.5  de- 
grees with  (he  axis  of  the  spindle.  Tlie  carnage  is  firmly 
clamped  to  the  saddle  by  means  of  three  bolts  working  in 
T  slots  and  Jinks,  placed  well  out  from  the  center  to  affonl 
the  greatest  rigidity. 
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he  tables  are  very  deep  and  rigid  with  bearings  on  the 
ildeis  of  the  saddle  or  carriage  instead  of  the  foot  of, 
angles.    This  method  carries  the  support  well  out  from 
center  and  prevents  any  tendency  of  the  table  to  rock 

0  work  is  machined  at  or  clear  of  the  edge.  The  tables 
e  oil  ways,  channels,  and  suitable  T  slots,  and  are  fitted 

1  draining  cock.  The  tables  furnished  with  plain  ma- 
les have  a  larger  working  capacity  than  those  of  the 
'ersals.  The  saddle  and  table  are  fitted  with  a  taper  gib 
ing  an  adjusting  screw  at  either  end,  making  a  positive 
:  for  the  gib  when  set. 

be  elevating  screws  for  knee  are  made  telescope.  This 
We  construction  greatly  strengthens  the  screw,  overcom- 
any  tendency  in  single  screws  to  buckle  when  the  knee 
it  its  highest  elevation.  The  telescopic  screw  avoids  the 
^ity  of  cutting  through  the  floor  as  in  the  case  of  the 
inary  tjrpe  of  single  screw,  to  afford  a  means  of  escape 
in  the  knee  is  lowered  to  the  capacity  of  the  machine, 
tall  thrusts  are  fitted  to  the  elevating  screws,  thus  re- 
ing  the  labor  of  operating  the  screws  to  a  minimum,  at 

same  time  greatly  increasing  their  sensitiveness  to  ad- 
taents. 

'be  binding  handles  are  in  use  at  all  necessary  points, 
'Crseding   the   old   method   of   clamping  with   bolts   and 
iQcbes. 
Kviding  Head  and  Center.    These  form  part  of  the  regu- 

eqnipment  supplied  with  all  universal  machines,  as 
Btrated  in  Fig.  304.  The  body  of  this  head  consists  of 
mbgtantial  base  with  parallel,  annular  housings,  a  center 
*k  carrying  the  spindle,  worm  gear  and  worm,  and  the 
fflnion  supporting  plates  for  the  block.  These  trunnions 
fe  a  360  degree  bearing  of  Inrae  diameter  in  their  hous- 
15)  and  are  recessed  into  the  block  on  either  side,  and 
fnanently  held  in  position  when  assembled  with  it  by 
'is' of  dowel.  Binding  bolts  for  clamping  head  when  in 
'ition  pass  clear  through  the  trunnion  plates,  one  below, 
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one  above  anf)  one  at  the  end  of  tbe  spiniile,  which  oiwritf     I 
to  bind  the  bend  in  one  couj|>aft  whole  wjth  no  defleftinf     li] 
strains  of  any  kind  set  iip  in  the  head,     Tlie  full  ctrculi' 


Fig.   304. 

p 

shape    of    the    head    aflfords   means    for   a    good    Ieng't}i    ^^ 

ppindle,  which  has  taper  journals  at  either  end  and  an  a.^' 
justing  colhir  at  lenv. 

HotoT-Driven  Milling  Machines.     Fig.   305   represents    ' 
Universal   Milling  Machine.     This  is   a   representative  ro*' 


MILLING  MACHINES 


393 


hra*.  showing  the  general  style  and  design  of  elect  rically 
riven  millers. 
£:xperience  has  demonstrated  that  the  most  satisfactory 


]  Wor-driven  milling  machine  is  one  driven  by  a  variable 
"Pffd  mutor  with  an  electrical  speed  ranp;e  of  about  three 
w<ine.  This  ran^e  beiiipr  multiplied  mechanically,  pives  the 
ff^fer  spindle  speeds  required.    Whether  the  electrical  van- 
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atioiis  are  obtained  by  multiple  or  single  voltage  and  fieW 
control,  the  results  i)rove  equally  satisfactory.  The  mul- 
tiple voltage  is  based  on  well  known  principles,  two  or 
more  different  voltages  are  supplied  to  the  armature  of  tie 
motor  from  which  speeds  j)roportional  to  these  voltages  re- 
sult. These  speeds  are  then  divided  by  field  regulation, 
giving  the  greatest  range  of  any  system.  With  the  field  con- 
trol motor  one  voltage  only  is  required,  the  entire  sp«fl 
range  being  obtained  by  changing  the  field.  This  form  of 
control  can  therefore  be  used  where  power  is  obtained  from 
an  outside  source,  or  when  only  one  voltage  is  available. 

The  great  advantage  of  an  electrically  driven  machine  is 
the  fact  that  the  speed  range  can  be  obtained  by  mw'' 
smaller  increments  than  it  is  possible  to  obtain  a  like  ran?* 
mechanically.  The  machine  thus  driven  by  a  variable  sped 
motor  greatly  increases  the  available  number  of  spindle 
sjK'eds  and  also  simplifies  the  mechanical  changes,  and  pro- 
cures for  the  operator  the  proper  cutting  speeds  for  all 
diameters  of  cutlers.     It  is  necessary  with  a  variable  speed 
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again  at  Ihe  previous  speed.  The  meehauical  changes  are 
thus  covered  by  tlie  speed  lanjie  of  tlie  iriotor,  a  complete 
range  of  spindle  speeds  bcius  obtaiued  in  geometneal  pro- 
gression with  an  average  increase  of  not  more  than  3  per 
cent. 

Motor-Driven  Universal  Millers,  The  machine  shown  in 
Figs,  306  and  307  rejuescnls  tlie  most  modern  practice  ia 
milling    machine    design.      It    differs    radically    from    the 


Fig,    3()(j. 

standard  machine  in  that  it  has  a  gear  instead  of  a  belt- 
cone  on  the  main  spindle  for  speed  changes,  giving  a 
greater  range  of  spindle  sjjeeds,  and  the  full  range  of  feeds 
is  entirely  independent  of  the  spindle  speeds.  In  this  miller 
these  result.'?  are  accomplished  in  the  following  manner: 
What  may  be  called  the  driving  shaft  farries  the  large 
flanged  pulley  on  the  outer  end,  and  is  driven  either  from 
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ordinary  countershaft  or  from  motor,  as  shown  iu  the  cnt. 
Sliding  on  this  driving  shaft,  ine^ide  the  base  or  colomo  it 
Mil'  rcgr«lar  form  of  bracket  carrying;  the  driving  gear  lod 
inlennediale,  which  may  bo  meshed  intu  any  one  of  th* 
?ix  gears  forming  tlie  cmie  on  the  spindle,  ami  caalmlW 
by  the  guiding  hutidle   HttPil   with  a  spring  laleh,  llie  !*u 


cngBKing  in  the  guiding  slots  and  locking  boles  in  the  vtpt 
wall  of  the  opening.     Six  different   and  progressive  ilir 
npitiilk'  sju'wls  are   thus  nvailnblc,  and,  as   tlie   madiiuw 
double  hack  geared,  a  series  of  eighteen  different  aud  p^ 
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teseiye  spindle  speeds  is  supplied,  having  a  rang  of  16  to 
rO  revolutions  per  minute. 

The  back  gearing  may  be  left  constantly  in  mesh  if  pre- 
irred,  and  when  so  set  up  it  facilitates  handling  the  entire 
fflge  of  speeds,  as  by  means  of  the  two  positive  clutches, 
Be  of  which  is  mounted  direct  on  the  spindle,  the  other  on 
M  back  gear  shaft,  and  both  controlled  by  the  two  levers 
liown  on  the  left  side  of  the  machine,  one  direct  and  two 
aek  gear  speeds  are  handled  for  every  setting  made  in  the 
one  of  gears  on  the  spindle. 

All  {(earing  entering  into  this  combination,  excepting  the 
>rse  face  gear  and  large  back  gear,  is  made  of  steel.  The 
Inteheg.  are  made  of  crucible  steel,  and  are  hardened. 

The  upper  lever  shown  in  Fig.  307,  controls  the  out  and 
1  elnteh  for  the  back  gear  or  direct  drive,  while  the  lower 
iver  controls  the  fast  and  slow  back  gear  combination. 

The  hand  wheel  attached  to  the  rear  end  of  the  spindle 
■wnishes  a  convenient  means  for  rolling  the  spindle  over 
y  hand,  either  for  entering  gears  or  close  setting  to  work. 

The  feed  shaft  is  geared  from  the  driving  spindle  with  a 
hain  and  sprocket  as  shown  in  Fig.  30S,  and  the  whole 
ighteen  feed  changes  are  available  for  each  and  every 
P'ndle  speed. 

"Oie  feed  index  plate  gives  the  table  travel  in  inches, 
unning  from  %  to  20  inches  per  minute.  These  speeds 
Ppl.v  practically  to  saddle  and  knee  feeds  also,  as  both  are 
•"'omatic. 

The  simple  method  of  mounting  the  motor  makes  it  possi- 
''e  to  use  any  standard  make  of  reversible  motor  in  place 
f  a  countershaft  if  so  desired. 

Simple  Indexing.  The  first  office  of  the  indexing  head 
lock  or  dividing  head,  is  to  divide  the  periphery  of  a  piece 
f  work  into  a  number  of  ecjual  parts,  and  in  connection 
rilh  the  foot  stock,  it  also  enables  the  milling  machine  to 
*  used  for  work  sometimes  done  on  planer  centres  and  on 
■ear  cutting  machines. 
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Ab  the  index  spindle  may  be  revolved  by  the  crank,  uA 

as  in  this  ense  forty  turns  of  the  rrank  make  one  revohition 
ot   the  spindle,  to   (iud  how   luanv    turns  of  the  crank  IR 
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seessary  for  a  certain  division  of  the  work,  or  what  is 
e  nme  thing,  for  a  certain  division  of  a  revolution  of 
e  qundle,  forty  is  divided  by  the  number  of  the  divisions 
deli  are  desired.  The  rule  then,  may  be  said  to  be,  divide 
tty  by  the  number  of  divisions  to  be  made  and  the  qno- 
nt  will  be  the  number  of  turns,  or  the  part  of  a  turn, 
tiA  crank,  which  will  g^ve  each  desired  division.  Apply- 
'  this  rule— to  make  forty  divisions  the  crank  would  be 
ned  completely  around  once  to  obtain  each  division,  or  to 
ain  twenty  divisions  it  would  be  turned  twice.  When, 
obtain  the  necessary  divisions,  the  crank  has  to  be 
led  only  a  part  of  the  way  around,  an  index  plate, 
ivn  in  Fig.  309,  is  used.  For  example:  If  the  work  is 
be  divided  into  eighty  divisions  the  crank  must  be 
led  one-half  way  around,  and  an  index  plate  with  an 
1  num- 
of  holes 
one  ot 
circles 
lid  be 
cted,  it 
ig  nec- 
iry  only 
lave  two 
J8  oppo- 
to  each 
it  in  the 
ite.  If 
work  is 
le  divid- 
Qto  three 
'Sions  an 
ex  plate 

aid      be  Fig.  309. 

cted  -which  has  a  circle  with  a  number  of  holes  that  can  be 
ded  by  three,  as  fifteen  is  divisible  by  3,  five  times. 
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Table  No.  19 — Index  Table. 
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1  17-23 

6U 

39 

■ 

24 

39 

1  26-39 

62 

31 

^ 

25 

20 

1  12-20 

64 

16 

26 

39 

1  21-39 

65 

39 

27 

27 

1  VA-'27 

66 

83 

^ 

28 

49 

1  21-49 

68 

17 

■ 

H 

29 

29 

1  11-29 

70 

49 

■ 

B 

30 

39 

1  13-39 

72 

27 

■ 

H 

31 

81 

1    9-31 

74 

37 

■ 

■      i  »^ 

20 

1    5-20 

75 

15 

■ 

■                 33 

33 

1    7.33 

76 

19 

■ 

1 

1  »* 

17 

1    3-17 

78 

39 

■ 

k 

1 
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Tabt.k  No.  19  (Continued)— Index  Table. 

* 

ix 

C  u 

i 

ss 

9 

S 

11 . 

5 

•s 

0 

Is 

0(5 

u 

ll 

ll 

p 

iso 

3o 

§1 

so 

z 

9i 

»; 

z, 

X 

X 

80 

20 

10-20 

164 

41 

10-41 

82 

41 

20^1 

165 

83 

8-38 

84 

21 

10-21 

168 

21 

5-21 

85 

17 

8-17 

170 

17 

4-17 

86 

43 

20-43 

172 

43 

10-43 

88 

33 

15-33  . 

180 

27 

6-27 

90 

27 

12-27 

184 

23 

5-23 

92 

23 

10-23 

185 

37 

8-37 

94 

47 

20-47 

188 

47 

10-47 

95 

19 

8-19 

190 

19 

4-19 

98 

49 

20-49 

195 

39 

8-39 

100 

20 

8-20 

196 

49 

10-49 

104 

39 

15-39 

200 

20 

4-20 

105 

21 

8-21 

205 

41 

8-41 

108 

27 

10-27 

210 

21 

4-21 

110 

33 

12-33 

215 

43 

8-43 

116 

23 

8-23 

216 

27 

5-27 

116 

29 

10-29 

220 

33 

6-33 

120 

39 

13-39 

230 

23 

4-23 

124 

31 

10-31 

232 

29 

5-29 

128 

16 

5-16 

235 

47 

8-47 

180 

39 

12-39 

240 

18 

3-18 

132 

33 

10-33 

245 

49 

8-49 

135 

27 

8-27 

248 

31 

5-31 

136 

17 

5-17 

260 

39 

6-39 

140 

49 

14-49 

264 

33 

5-33 

144 

18 

5-18 

270 

27 

4-27 

145 

29 

8-29 

280 

49 

7-49 

148 

37 

10-37 

290 

29 

4-29 

150 

15 

4-15 

296 

37 

5-37 

152 

19 

5-19 

300 

15 

2-15 

155 

31 

8-31 

310 

31 

4-31 

156 

39 

10-39 

312 

39 

5-39 

160 

20 

5-20 

360 

18 

2-18 
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Oompoond  IndexixiK.     To   iilustrate  the  manner  of  na 

the  machine  shown  in  FHg,  310  in  eorapoimd  indexing,  sup- 
pose that   it  is  rleaii-ed  to  ^livltie   the  work  into  69  parts. 
Reference  to  Table  No.  1!)  shows  thai   tlie  work  is  niovedJ 
through  21  spaces,  or  holes  in  the  23  liole  circle  and  thenj 
turned  in  the  opposite  direction  11  holes  in  the  33  bole  cir- 
cle of  the  index  plate  shown  in  Pig.  310.     The  first  move-l 
ment  is  made  in  the  ordinary  manner.     The  stop  or  hac'i 
pin  is  placed  in  the  33  hole  circle,  the  inJex-crank  pin  i«l 


Fig.    310. 

pulled   out    of  the  23  hole   circle,   and   the   index   crank  i*| 
turned   through  21   holes  in   the  desired  direclinn,   the  hole 
beiug  measuri'd  by  tho  sector.     For  (he  second  movetnenl 
the  index  crank  pin  is  left  in  the  23  hole  circle,  the  ba£ 
pin  is  pulled  baek  from  the  plate,  and  as  the  minus  siji 
is  given  in  the  tr.ble,  the  crank  is  turned  11  holes  in  tJ 
direction    opposite    to    that    of   the    former   movement, 
this  part   of  the   indexing  the  index  plate   nnd  crank   tut 
together,  and  as  there  is  no  sector  on  the  back  of  the  plal* 
the  holes  or  spaces  have  to  be  counted  directly  in  the  plat* 
Had  the  phis  sign  been  given,  ns  in  the  indexing  to  obtal.j 
77   divisions   of    Ihe    work,    both    movements   of    the    craiif 
would    have   been    in    the   same    direction.      Ordinarily    tl 
order  of  the  movemenls  is  jMtBOl*''''^!   ^^'id  if  more 
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venient  for  any  reason,  the  back  pin  could  usually  be  with- 
drawn first,  and  the  movement  dcseribeJ  as  the  second 
could  be  made  first.  In  some  instances  as  in  dividing  the 
work  into  174,  272  or  273  parts,  the  outer  circle  is  n^tar- 
ally  used  first. 

To  obtain  77  divisions  the  figures  are  ^'r  +  A  =  4  +  Vi  *= 
If  -f-  tV  ~  ff  ^  one  diviaioQ. 

The  table  gives  the  movements  for  absolute  divisions  of 
the  work  of  nenriy  all  nnniber^;  from  50  to  250. 


Table  No. 

19— C 

)jiii()i\r>  IsiiEX  Tahi.k.                 1 

So.  of 
Teeth, 

Index  iiovi*P. 

St),  <i( 

Ti-elh. 

liidt'Jt  ilovc^. 

N.I.  „t 

1  (SO 

iHik'jt  Mc)vi>ii. 

50 

16-2t>    •*'■ 

94 

20-47 

5-20 

52 

80-39 

95 

8-19 

164 

10-41 

54 

20-27 

96 

3-18  +  1-24 

165 

8-33 

55 

24-33 

98 

20-49 

168 

5-21 

56 

35-49 

99 

15-27  —  5-33 

170 

4-17 

58 

20-29 

100 

8-2t1 

172 

10-43 

60 

26-39 

104 

15-39 

174 

11-33—3-29 

62 

20-31 

105 

8-21 

18t) 

6-27 

64 

10-16 

1H8 

10-27 

182 

3-39  +  7-49 

65 

24-39 

110 

12-33 

184 

5-23 

66 

20-33 

115 

8-23 

18S 

8-37 

m 

10-17 

116 

10-29 

186 

17-31  —  11-33 

69 

21-23—11-33 

120 

13-39 

188 

10-47 

70 

28-49 

124 

10-31 

190 

4-19 

72 

15-27 

128 

5-16 

195 

8-39 

74 

20-37 

130 

12-39 

196 

10-49 

75 

8-15 

132 

10-33 

198 

3-27  +  3-33 

76 

10-19 

135 

8-27 

200 

4-20 

77 

9-21  +  3-33 

136 

6-17 

205 

8-41 

78 

20-39 

138 

11-33—1-23 

210 

4-21 
8-43 

80 

10-20 

140 

14-49 

215 

82 

20-41 

144 

6-18 

216 

6-27 

84 

10-21 

145 

8-29 

220 

6-33 

86 

8-17 

147 

13-39  —  3-49 

225 

5-18  —  2-20 

B6 

20-43 

148 

10-37 

230 

4-23 

87 

23-29-  11-33 

150 

4-15 

231 

3-21  +  1-33 

88 

15-33 

152 

5-19 

232 

5-29 

90 

12-27 

154 

8-21  —  4-33 

235 

8-47 

91 

6-39  +  1-4 

155 

8-31 

240 

8-18 

92 

10-23 

156 

10-39 

245 

8-49 

93 

S-31  +  1-3 

248 

6-31 
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Cam  Cutting  Attachment.  The  nitaehraent  shown  in  F**' 
311  is  irsed  for  i-ulthip  eitlier  faee  or  cylindrical  cams  frC*^ 
a  flat  former  cut  iVom  a  disk. 


Fig,   311. 


FIb.   312. 

All  the  neeessarv  movements  are  contained  in  the  sttaeh- 
menl   itself,  thereby  alloivinij  tlir    table  of  the  machine  to 
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•"^teiaiii  ctamped  in  one  position  during  the  cutting  of  thi 

Cains  12  inches  in  diameter  can  be  eat  with  any  throw 
"P   to  5  inches. 


Fig.    313. 

Circular  Milling  Attachment.  The  attuchmenl  sliown  in 
Fip.  312  is  nevs-  iti  dt'si-n  utnl  is  well  adapted  for  use  upon 
inilii:!^  marlines  in  connection  with  a  vertical  spindle 
milliner  attacUmfni. 
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The  Table  is  18  jnclies  in  diameter  and  has  4  T  tloU  H 
lies    wide.      The   circumference    of    the    entire   circle  is 

Bidiiate<i    to  degrees. 

The  Feed  of  tlje  table  is  operated  by  the  hand  whwl 
sbowQ  ill  the  drawing.  The  worm  can  be  thrown  oat  nf 
mesh  and  (lie  .toble  easily  turned  by  hand. 

A    elam|i    serew    is    [vrovideil    for    clanijjing    the    table   in 

fiosition, 

Cntter  Grinding  Attachment.  The  attachmeni  illuslnstd 
in  Fig,  313  is  used  fur  grinding  the  teeth  of  formed  cutters 


radially,  this  being  necessary  in  order  to  insure  their  cnt 

tinj;  the  eorrcet  form.     It  consists  of  a  bed  rigidly  attached 
to  the  main  b'"'.  'bnt  cntiies  a  sliding  table  provided  with 
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Fir    315, 

a  pair  of  index  centers,  between  which  the  work  to  be 
ground  is  held. 

The  Centres  swing  4  3-4  inches  in  diameter  and  take  10 
l-S  ineiies  in  length. 

The  Index  Plate  has  24  holes  and  ran  he  tumed  by  a 
worm  or  the  worm  can  be  disengaged  and  the  plate  tumed 
by  hand. 

Fonned  Cutters  tc  8  inehes  in  diameter  ean  be  ground  by 
the  use  of  raising  blocks. 


408 


MACHINE  SHOP  PRACTICE 


H-'ght  Speed  Milling  Attaclimeat.     A  high  si^ed  mill*^^. 
attiu'linu'nl  is  slujwii  in  Fig,  iil4.     By  means  of  aa  iutei''^ 
reaunt;  and  a  (linioii  it  is  j;ear«l  np  about  li  to  1. 

Lincoln  Milling  Machine.  Thia  machine  (Fig,315)  is  rati*" 
tally  ilifFereiit  in  coukI ruction  to  that  of  those  in  geiier^ 
use.  The  S[)indle  is  raised  luicl  Icwered  and  the  ramnif* 
l;:;s  otly  two  movemciils,  longitudinal  and  trausverse. 

C/:ared  Pump,  The  pmnji  sliowii  in  I-'ig,  31(J  is  prind' 
|::£jiy    used    on    machines    whert;    the    cutting    tools    operate 


n^    ;^in. 


only  iu  one  direction,  ns  milling  machines,  gear  eottW 
machines,  dincking  machines.  Rut,  by  running  the  puiop 
independently,  it  can  be  used  on  machines  that  reverse. 

It  is  simple  in  construction,  the  principal  mechanisni 
in^  a  pair  of  :a;ears  which  run  together  in  a  tight  case. 

fo  obtain   the  best   results  the  pump  should  be  plawd  **1 
near  as  )if>ssil>V'   In   lin>  level   of  (he  liquid  in  the  tank. 

Ots&f  Oatting  Attachment.    The   spindle   of  the  mn«h>"' 
shown  in  Fig,  317  is  2%  indies  in  diameter,  and  is  inad> 
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•peritig  to  compensate  fur  wear.  The  master  wheel  is  7 
"icheg  in  diameter  with  40  divisions.  "With  the  small  lever 
""  the  side  (he  s])indle  ean  be  securely  looked  in  any  posi- 
t""!.  relieving  the  index  pin   from   all  strain.     The  worm 


410 
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and  bored  to  No.  10  B.  &  S,  taper.  Tail  stock  is  adJQst»^ 
for  taper  work.  With  index  plates  fui-ntshed  all  nurol*^ 
to  50,  the  even  numbers  to  100,  ;iad  most  nunibers  to  3^^ 
can  be  divided.  The  tail  stock  is  adjustable,  the  adja.^ 
ments  Tjeingf  obtained  by  a  screw  bo  that  it  can  be  set  ^-^ 
ou'ately  and  securely  clamped  in  position. 


Pig.  318. 

Hand    Uilliitg    Attaflmient.    A    pbiu    Millinj;    U&ehinq 
with  a  Eack  Feed  can  be  finickly  chang-ed  by  means  of  tha 
attachment  shown  in  Fig.  31S  into  a  hand  mill  in  ji  m 
with   or  without   an   automatic   longitudinal   feed. 

An  apron,  placed  on  the  outside  end  of  the  knee,  earn 
n  bv;T  attached  to  a  segment  of  a  gear  which  runs  in 
pinion  placed  over  the  end  of  the  shaft  that  mnves  i 
table  longitudinally,  and  this  lever  when  moved  turn 
shaft  as  the  crank  would  if  it  were  in  positiou- 
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Tlie  nttaehment,  with  a  knee,  is  clamped  on  the  table  and 
ou  thiiS  the  fixtures  for  holding  the  work  can  be  fastened 
M  OD  a  hand  milling  machine,  When  bron;rht  to  position 
the  lever  can  be  liehl  by  the  clutch  iu  the  holder,  shown 
»t  ttie  left  of  the  drawintr,  which  can  be  released  by  a 
liitch  on  the  back  of  the  lever,  so  that  at  the  same  time 
Ihiit  the  knee  is  returned  to  position  the  eatch  is  released 
wulioiit  an  extra  movement.  While  the  lever  is  held  down, 
l*ie  feed  fan  he  thrown  in  and  mitling  done  as  on  a  plain 
fflJlling  machine. 


Plain  Viae.  The  vise  illustrated  in  Fig.  319  is  provided 
i»ilh  flanges  for  clamping  them  to  the  table  of  milling  or 
planing  machines,  they  are  a  very  convenient  and  e.^- 
tremely  usetttl   tool. 

QuiU  Gear  Cutting  Attachment.  The  atiiichment  shown 
in  Fig.  320  is  for  ctittinj;  the  tsmall  members  of  quill  gears, 
as  shown  in  the  drawing,  or  other  gears  of  .similar  con- 
struction. 

Tliey  are  easily  and  f[iiiekly  placed  in  position  or  re- 
moved. 

The  cutter  spindle  is  raised  above  the  cutter  spindle  ot.j 
tbe  machine  and  driven  by  a  train  or  gears. 


BAck  Ontting  Attacbmeat.  Tbe  attachment  shown  in 
Fig.  321  embodies  in  ils  construction  many  imjwrtant  im- 
provements that  greatly  enhani-o  its  value,  making  it  ex- 
ceptionally  ri^'id  and  convenient.  All  working  ports  iir? 
entirely  enclosed,  thus  protecting  them  from  dirt  and  Mi*. 

The  upper  part  of  the  frame  is  clamped  to  tho  «'ve^ 
banging  arm,  means  being  pro\'ided  for  vertical  aHj*!- 
ment  to  compensate  fur  any  variation  in  the  center  <ii^ 
tanee  between  arm  and  Rpindle.  Tlie  lower  part  of  ">' 
frame  is  clamped  to  the  front  of  the  knee  slide,  and  pf' 
Tided  with  means  for  adjusting  the  cutter  spindle  pnrall" 
with  the  table. 

The  cutter  spindle  is  hardened  and  groiuid,  and  TOnS  5" 
phosphor  bronze  boxes.  The  front  box  is  provided  *''" 
means  of  compensation  for  wear.  It  is  smoothly  and  p«*' 
erfully  driven  by  the  main  spindle  of  the  machine,  throng" 
spiral   and   herrinfj  hone  gears. 

Rack  Cutting  Attachment.,  The  body  of  tbe  attachment 
ehown  in  Fig.  322  and  its  supporting  bracket  which  elajnj* 
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*o  the  Cfilnmn  of  tlie  ni.;diii'e  aiv  £i>rmed,  of  one  CHsting, 
taking  it  wi'vy  ripd.  The  Trout  pendant  formsi  llie  cap 
for  the  head  of  the  attachment  to  which  it  is  firmly  screw- 
^  and  doweled.     All   the  gearing  is  made  of  steeL     The 


Fig.    321. 


[*^ttfts  run   in   bronze   bearings,    and    the   cutter   arbor  La"- 
*»per  journal   at   its  head   end.      The  movable  jaw   of  ths 
^ise  is  made  of  steel. 
1    Onirersal  v  Plain   Millers,     The  Universal  Miller 


k 


Hi 
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Fix.   922. 

in  rig.  323  is  exactly  the  snme  as  the  Plain  Miller  sbowil 
in  Fig.  324  esi'ept  tbat  prf)\-ision,s  are  made  for  swiveling 
the  table  and  automatically  rotating  tile  ijmversal  heail. 
They  are  espeeiall.v  tisefiil  in  tool  rooms,  or  Where  tliore  i» 
a  large  vaiiety  of  work.  They  can  perform  every  opert- 
tion  of  -whieh  a  Plain  Miller  is  ea|iable,  having,  iti  aJdttirai 
lo  J  ho  pnrts  of  thf  Plain  Miller  ttie  swivelling  table  snil 
univer.sul  head  wit))  the  means  for  rotnting  the  head,  P^' 
iiig  facilities  for  cutting  spirals,  notehijig  worm  wheels,  «<«■ 
Universal  machines  are  not  as  <rood  as  Plain  Millers  f<" 
mas H fact uring  purposes.  The  swividiirg  feature  makes  u"' 
more  .ji'int,  and  also  lessens  the  vertical  range.  The  (eedinS 
mechanism  has  to  be  brought  tip  throngh  the  center  of  lliJ 
swivel,  thus  restricting  I  he  desi^,  and  consequently  tbfJ 
can  not  he  made  as  simple  nnd  substantial  ao  a  Plain  JCl" 
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-     However,  tliese  are  tbe  faults  of  the  lyiie  and  not  of 

^  niacbirie. 

^lain  Milling  Machine.    The    spindle    of    the    machim 


Fig.  323. 


Fig.  325  is  crucible  steel  nnd  the  bearings  Bjound. 
*w  bronze  boxes  provkleil  with  means  of  compeusatioa 
br  wear.    The  spiiidle  is  driven  trom  the  cone  by  a  gear 
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and   pinion.     The    vertictil    ailjiistnienl    by   means 
on   a   vertical    screw. 

The  overhang! nj;  arm   is  of  solid  steel. 

Feed.     LongriturHnal,   automatic,   15  inches.     Care 
tiimatieally   released  at   any  point.     Four  changes, 
from  ,015  ijieh  to  ,06U  inch  to  one  re\'olatioa  of  bf^^ 


ot  ""L' 

4 


be  *^ 
indie- 


FIs.   324. 

Oil  Tank.    Provides  for  use  of  pump. 
Viae.     Flanged,     Jaws  hardened,  SVa  inchea  wide,  1  £Hc 
inch  deep,  open  3%  incbee. 
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tndi  Milling  Machine.  A  small  bonch  hand  iniller  is 
Irated  at  Fi^'.  32G,  il  Las  both  vcrlieal  and  horizoutal 
9,   aud   raising   and   lowering   table    with    cross   and 


Fig.  325. 
iadinnl  feeds,  operated  by  hand  levers.  This  will 
ihund  ail  extremely  lusofnl  tool  for  milling  key-ways, 
'ng  amall  tools,  etc. 


Fig.    32  a. 

Vertical    Spindle   MiUing  Uachine.    The   spindle  of  ''^' 
miichhie   shtnvn    in    Fij;.    327   is   of   crucible   steel   ami  '"' 
beaiiiifis   fjniutul.   niid   with   bronze   boxes.     Tbe  lower  ™^^ 
is  prnvideit  willi  njeaiis  of  coinjiensaliim  for  wear.-  V 

The   feeds  are  piisitive.     All   the  spur  gears  are  Af^ 
by  chain  aud  havp  20  changes,  varying  in  geometrical   t*' 
gi'ossiiin,    from    .0012    to    .(HiO    inches   jier   revolution    of 
spindle.      There   are   no   loose   change   frears.     The   char'™ 
are  made  by  an  nd.iitstment  of  the  index  slide  and  levp '^ 

Slotting  Attaclunent.  The  attaehmont  illustrated  in  ^  ' 
328  is  uow  m  tU-nh^i  and  is  parlicularly  well  adapted  -^ 
tool  making  of  all  kinds,  as  in  forming  box  tools  for  sc*''^ 
machines,  making  templates  and  work  of  a  similar  char^' 
ter. 

It    is   simple    ill    construction,    there    being   no    aoxilii 
fixturcH    "!'   hL'Iling    required    for    ntlaching   it    to    the 


1^ 

4 


eJiJne.  It  is  exceptionally  rigid  when  in  position,  the  upper 
part  of  the  frame  being  clnmped  to  the  overlinnging  arm, 
and  the  lower  part  of  the  tojt  of  the  knee  slide. 


y^k 
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The  tool  slide  is  driven  from  the  tnain  spindle  of  tl« 
machine  by  an  ailjustaljlu  erank  that  allows  the  stroke  lo 
be  adjusted.  The  slide  fan  be  set  at  any  aiif.'le.  beUMt 
0  to  10  deg:rees,  on  eitlier  side  of  the  center  line.  Va 
position  beinff  indicated  by  n  scale  on  the  lower  part  <rf 
the  frame. 


Fig.  32S. 

The  tool  holder  allows  for  the  use  of  tools  with  shanks 
lA  inch  in  diameter.    The  tools  are  held  in  place  by  a  clamft 


bolt  and  a  tool  stop  tliat  swinfjis  over  the 


shatik  ond 
ed   through 


prevents  any  jossi 
bolster 


top  of  the  tool. 


bility  of  llie  tool  beini:  pti 
l5io  [trorided  with  a  key  tha 


"ts  the  kevTivnvs  in    the   shanks   of   the   tools   and   inaures 
••••ejr  relative  positions  always  beinsr  the  same. 

When  the  attachment  is  iii  position  both  the  longitudinal 
*^<1  transverse  fei'ds  of  Ihe  machine  are  available  antl  have 
^als  that  read  to  .001  uf  &a  inch- 


Swivel  Vise.  Thfi  visu  shown  in  Kig,  329  is  exceptional- 
ly rigid  aud  eunvetiient  lor  milling  or  planing.  TheBO  vises 
are  exceptionally  tow  and  bring  the  work  close  to  the  table, 
thus    ini^niinx    rifriilily    tiinl    t'oinpaetness. 

Toobnaker's  UniversaJ  Vise.  The  vise  illustrated  in  Fijf. 
330  is  of  all  entirely  new  design,  for  use  on  milling  nia- 
ehines  and  is  so  consirnctcd  that  it  can  be  srt  at  any  anf,'Ie 
to  tlie  surface  of  tin;  talilc  or  to  the  spindle  of  the  ma- 
I'hine.  and  nsjidly  clamped  in   position. 

The  basse  h  double,  the  upper  porlion  is  graduated,  and 
ftin  be  set  at  any  anjjle  in  u  horizontal  plane.  On  the  top 
of  tbe  swivi'l  base  is  a  hinv'ed  knee,  which  can  be  set  at 
auy  ari^le,  to  90  desjrees,  in  a  vertical  ]ilane.  The  top  of 
the  knee  is  jiradnated.  The  knee  is  clnmiu'd  i-it'ldly  in  posi- 
tion by  means  of  the  uiit  on  the  end  of  the  bolt  formins 
the  hinge,  and  the  locking  levers  shown  at  the  left  of  the 
cat-  These  levers  are  clomped  in  pnsi'ion  by  the  bolt  shown 
in  th«  center  and  the  holts  at  the  ends  of  the  levers. 


MACHINE  SHO 


The  vise  proper  is  fastened  to  the  hinged  knee  In  snch  ^^' 
manner  that  it   can  be   set   at   any   angle   on   a  horizontal 
plane,  and   can  be  damped  in  position  by  the  bolt  wbic 
holds  the  upper  lockiog  lever. 


P 


pis-   330, 

The  vise  base  is  fastened  to  the  table  by  means  of  two 
bolts  fit  ting  into  the  table  T-slot.  The  base  is  provided 
with  two  sets  of  hcdes  to  allow  for  moving;  the  vise,  when 
Bet  in  a  vertical  plane,  in  order  to  clear  the  millinjj  ma- 
chine  spindle. 

Univeraal  Index  Centers.  The  centers  of  the  nniversal 
index  s-hown  in  Fig,  331  wing  12  and  one-half  inches  in 
diameter. 

The  head  can  be  set  at  any  angle  from  10  degrees  be- 
low the  horizontal  to  lO  defrrees  beyond  the  perpendicular. 

The  spindle  is  provided  with  a  face  plate  and  ad.iiistahle 
doR  carrier.     The  front  end  has  a  No.  12  taper  hole.     The 
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straight  liole  at   the  end  of  the  taper  is  one  and  one-l* 
indres  in  diameter. 

The  Worm   Whee!  is  6  inches  in  diameter,  and  one  **^ 
olution  18  made  by  60  revoluiions  of  index  crank. 


M 


i 


Fig.    3A2. 

The  Foot-stock  Center  can  bo  raised  vertically  and  s«t  at 

an  angle  in  a  vertical  plane. 

Index   Seetor.     The   index   erank   is   adjustable,   and   lh» 
sectw  urma  g-niduated. 

The   Index   Plates   divid«   all    ninnljei>s   tu   lUO,   alt   even 
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nmaljers  to  134.  The  index  table  furnished  gives  all  the 
divisions  obtainable  to  372, 

The  Table  is  provided  with  flanges,  and  is  32  inches 
'""?.  8  inches  wide,  and  has  3  T-slots  three-quarters  of  an 
inch  'wide. 

Tbe  Centei'  Rest  will  take  work  to  3  and  one-eighth 
inches  in  diameter. 


Pig-    33.H, 

Vertical  Spindle  MiUisg  Attachments.  The  attaebinent 
shuun  iti  Figs.  332  iiiul  333  ure  uavd  for  a  large  range  of 
light  milling,  as  key-seating,  die-sinking,  T-slot  cutting, 
spiral  milling,  sawing  stock,  and  work  of  a  similar  charac- 
ter. 

In  (lie-sinking,  ae  well  as  all  kinds  of  surface  milling, 
the  advantage  of  Laving  the  work  operated  uptui  in  plain 
•igbt  of  the  operator  is  reudilj-  ajipreciatid  by  tool-makers 
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and  maeliinists.  For  metal  patterns  and  similar  work  th( 
attaelitueuts  are  especially  valuable,  as  a  line  or  templif 
ean  be  followed  very  closely,  thus  reducing  the  hand  fin" 


Uhing  to  a  miDinium.     Tin    ultaebtnents  are  also  of  f^nAt 
advantage  for  spiral  milling  on  universal  milling  maditne& 
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1  In  nulling  spirals  in  the  usual  way,  many  times  the  work 
u  «  considerable  distance  from  the  end  of  the  spindle,  as  in 
bOH  entting  spiral  gears,  thus  necessitating  the  use  of  long  ar- 
Bon  whieh  are  liable  to  spring.  By  the  use  of  the  atta<^- 
"wnt,  however,  the  machine  is  geared  for  the  required  lead 
•od  the  attaehment  set  to  the  angle  of  the  spiraL  The  table 
thus  remains  set  at  zero,  a  short  arbor  is  used,  and  the 
eiitting  may  be  done  on  the  side  or  top  of  the  piece  in 
hani 

Diffemtial  Dividing  Head.  The  body  of  the  head  shown 
">  Hg.  334  eonaists  of  a  base  with  annular  and  parallel 
■'onangs,  a  eenter  block  carrying  the  spindle,  a  wonn 
SOr  ind  pinion,  and  the  trunnion  supporting  plates  for  tk« 
**iittr  block.  Spur  and  spiral  gears  may  be  cut  on  this  at- 
'*<i>>>>ent  and  bevel  gears  on  the  head  alone. 

I>«ld  for  Moling  Ontters.  The  milling  cutters  shown  at 
A  in  Rg,  886  are  of  a  form  in  general  use.  They  have  straight 
''cth  arranged  at  equal  distances  on  their  face  parallel 
^  the  axia,  and  radial  teeth  on  one  side,  as  shown.  When 
^  of  these  mills  are  arranged  in  pairs,  or  when  a  single 
*>iU  haa  te^th  on  its  face  and  on  two  sides,  it  is  called 
iitnddlemilL 

Shonid  a  mill  kave  a  wide  face,  the  teeth  are  cut  spiral- 
ki  U  shown  at  B.  Wide,  straight  teeth  would  not  main- 
tun  a  uniform  ent  on  entering  or  leaving  the  work.  With 
Vittl  teetli  the  eot  begins  at  one  end  of  the  tooth,  the  cut 
IwiBg  started,  the  cutting  is  uniform,  producing  smooth 
vn^  and  avoiding  any  sudden  shock  when  entering  or 
huriag  Hu  eat. 

The  milling  entters  are  pro\'ided  with  a  center  hole,  which 
/Its  on  an  arbor  shown  at  C,  and  are  also  provided  with 
•  kejTway,  shown  in  the  illustration,  the  end  of  the  arbor 
Sttittg  into  a  eonieal  seat,  is  securely  held  in  the  machine 
q>indle,  permitting  the  arbor  to   revolve  in   either  direc- 
tion   -without  becoming  released.     The  milling  cutters  can 
Iw  rereraed  on  the  arbor,  and  the  feed  of  the  work  can  be 
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i,  it  ii  plain,  eoold  not  be  done  if  the  mill  was  on 
ifK  tint  aciewej   upon  the   driving  spindle   of   the 


wpntA  of  the  entters  is  essential  to  the 
pradnetion  of  work  done  by  milling  Kaehines, 

TaUe  Ko.  20  will  be  fonnd  of  sreat  nse. 
taee  cotter  commonly  known  as  a  slitting  saw 
at  E  and  a  set  of  end  millint;  entters  at  D.    An 
or  collet  H  for  holding;  the  end  milling 
at  D,  and  the  spanner  wrench  for  tightening 
it  at  a 
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As  tiie  speed  of  (lie  cutter  varies  ccinsiderably  wilh  i 
kind  of  material  to  Ijl'  opemted  on,  and  as  it  is  geae 
the  case   tbat   tlie  mncbiriist  will  be  call<?d  u|>oq   to  oae  I 
own  jufigment.     Talile   No.  21    may  be   safely   taken  «s  i 
guide, 


Table  No.  21 — Speeds  fur  Milliso  Cx'TTess. 

Brass 

Cast  Iron 

Hiichine 

Steel 

Tool  Stetl 
Anne&led 

Feet  per  minute 

80  to  12a 

40  to6U 

35  to  45 

■2o  to  85 

Feed  per  minute 
in  inches. 

l^'to2 

>i  to  1% 

X  to  2 

Hu>H 

Example:     Wlmt   slmulil   Lie   irvolutions  per  nitmite  for  » 
6   inch    cutter    In    ogierate   at   cutliug  spt^ed    nf  .*iO   feel  |^H 
minute.  T^ 

Answer:  From  Table  No.  21.  with  50  feet  per  minale 
eiittinj,'  speed  and  a  diameter  of  Q  inches,  the  revolution* 
per  minute  ivil!  be  found   to  be  31, S, 


FlE.   338 

In  general  practice  it  is  found  to  be  more  aatisfactnry  l« 
run  ttie  millinj;  cutters  up  lu  I  lie  maximum  8|)eed,  with  i 


MACHINE  TOOLS 


433 


«nnp&rative!j  light  feed,  tlian  to  reduce  the  speed  of  ent- 
ers and  overfeed  tbe  work. 

Milling  Cutters.  A  variety  of  milling  cutters  are  illus- 
irated   lierewith. 

Fig.    33G  .allows   Iwo    forms  of  face  milling  cutters. 

Figr.  'WT  is  a  sproeket  milUng  rutter  to  Piit  the  teeth  of 
procket  wheeli!  which  is  a  block  chain. 


Fig.   337. 


Fig.    338. 


Fig.  333  in  a  eutter  which  is  ttsed  to  cut  the  teeth  of  in- 
te  gears. 

Fig.  339  in  a  cutter  for  g^csrs  having  the  epic.yloidal  form 
.of  teeth. 

I  Fig.  340  is  what  la  known  as  a  stocking  cutter,  and  is 
[used  to  cut  out  the  stock  in  a  gear  blank  before  finishing 
rwith  the  proper  cut. 

I  The  Qse  to  which  the  milling  cutters  shown  in  I'H'.js.  341 
[and   342  are  put   in  fully  explained   in  ilic  illustrations 

Hilling    Operatioas.     Twelve    different    tnilling    macbini 


Ik 
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operations  are  illustrated  in  Fig.  343,  which  show  almast 
every  possible  eonditions  of  work.     They  may  be  of  ^rreal 


Pis.  840. 

value   to   a   mnehinst   when   debating  in   his   mind    as  bow 
best  to  perform  just  sneli   an  operation. 


* 
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TLUXEBS, 

I  OpcntMBS.    The    operatioa    .>f    planiDj;   «oasli- 
0212  la  a  stnii^ht  lice  br  niean$  ot*  »  $te«l  eattin|t 

the  placer  the  pieee  to  be  planed  is  mov«d  in 
it-tine  under  a  stationair  tiX>I.  The  planer  i$  a 
lortant  tool  to  the  printing  pr««i$  builder,  a$  w»H 
^  prodnetion  of  lathe  beds,  slides  :ind  {vwrallel. 
orfc  to  be  planed  i#  seenrely  fastened  to  the  taWo 
•laner.  and  is  moveil  backwards  and  forwards  by 
'  suitable  gearin.?  the  ruttin<r  !«h>I  being  held  in  the 
.  mounted  Ujion  the  cross-slide, 
eehanism  feeding  the  cuttin.g  tool,  and  regttlatin(t 
el  of  the  table  in  planers  are  of  different  forms, 
■ral  practice  is:  The  emplnyment  of  two  belts,  one 
forward  and  the  other  for  th,>  backward  travel  of 
'.  The  feeds  are  operated  by  indi'pendent  devices, 
'hments  on  tlie  pliuii'rbed  beinir  used  only  to  shift 

ack  and  pinion   moven-.ent   is  usually  employed  on 

II  planers   to   give    the   longitudinal    travel   to   the 

;nch  Planer.  This  ninchiiu"  phvus  43  inches  wide, 
s    high    and    ci'.ii    he    hnill    to    plane    any    desired 

?d  is  of  anrilo  I'uglli  and  well  ])raced  with  cross 
box  form,  and  automatic  luhricatois  are  provided 

g   the   table    V. 

ble  is  driven  by  cut  gearinr  and  rack  and  its  mo- 
be  ccitroiled   from  either  side  of  machine. 

'iving  works   can  be  arranged   for  the  machine  to 

r.illel  with  or  at  right  angles  to  llip  line  shaft. 

eds  are  positive,  o])eratitiu'  the  to(ds  at   any  an)f1e. 

s-rail  is  of  box  girder  form  willi  deep  arched 
of  sufficient    length,    when    using   two   saddles,   to 
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permit  of  ods  head  ploniag  the  entire  width  between  tli« 
uprights. 
The   uprights   are   of  the   double   plate   coastruciioa,  in* 

Buring  rigidity  for  side  cutting. 

Fig.  344  shows  the  machine  with  four  heads,  bat  any  "t 
them  may  be  left  off  if  so  desired. 

32-inch  Planer.  Planer,  wliieh  jilanes  32yax3a'.;,  infJuw 
high  and  Fig.  345  shows  a  32-inch  place  any  lengtti  frt>ni 
8  to  16  feet,  as  desired. 

The  bed  is  of  extra  depth,  and  of  unusual  leDgtU,  hi  ytiy 
portion  to  that  of  the  table,  so  that  the  table  prffljept*  but 
little  when  planing  at  full  length.  The  distance  hctiwa 
the  Va  is  siifHoient  to  prevent  any  tipping  of  the  t«ltl» 
when  taking  a  heavy  cut  at  the  extreme  Kides. 

The  table  is  deep  and  very  rigid,  T  slots  ant  pluEwl  il* 
entire  length,  the  holes  are  drilled  and  reamed  from  tif 
solid.  Holes  are  also  bored  at  the  end  uf  the  tahl'  oii1- 
side  the  pockets,  thus  enubling  work  or  extra  leiigtJi  l»  bf 
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excessive  weiir  wliu'h   usually  takes  place  at    these  poiiUS. 
The   table   lias  a  returning  speed  of  3.5  to  1. 

The  biTJ]  wheel  is  stationary  oi)  its  shaft,  and  the  shift 
revolves  in  long  bearings  of  large  diameter,  provided  with 
perfect  facilities   for  lubrication. 


i 


FlE.  34S. 

All  the  driving  shafts  are  made  of  special  hammend 
sted  of  large  diameter,  they  nin  in  well  lubricnted  bear- 
ings. Each  shaft,  with  its  appurtenances,  may  be  taken  out 
intact  when  for  any  reason  it  is  rieeessar>'  to  take  tht 
planer  apart.    The  louse  pulleys  are  self  oiling. 

All  gears  and  racks  are  accurately  cut  from  solid  stock. 
The  gears  are  iuterchangeable  and  can  be  replaced  at  a 
moment 's   notice. 
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24-iiiclL  Planer.  The  planer  shown  in  Fig.  346  is  made 
to  handle  light  and  medium  work  rapidly. 

The  bed  is  of  extra  Ipngth,  giving  the  table  almost  a  full 
bearinir  when  planing  at  the  extreme  length.  It  is  sup- 
ported by  a  center  leg,  making  it  very  rigid.  The  Vs  are 
wide  and  provided  with  oil  pockets  at  short  inteirnls,  thus 
insuring  perfect   lubrication   tn   thp  table  at   all   times. 


piR.  34e. 
The  hoasings  arb  .it  the  ho.^  form,  and  have  an  extra 
Ivride  face.  The  crus^rail  is  wtdl  supported  on  the  back, 
mid  securely  bolted  to  the  housings.  It  may  be  raised  or 
loirered  from  either  sije  of  the  machine. 
The  table  ha*  T-slots  (>lnned  its  entire  length.  The  holes 
the  table  are  drilled  anJ  reamed  from  the  solid. 
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The    head    has   power   horizontal,    vertical    and    angnlv 
fcflds,  operated  from  either  end  of  the  crossriiil. 

All  improved  Bidfting  de™e  makes  it  possible  to  retoni 
the  table  wit  bout  shoelv  or  jar.  This  is  aecompltsh«d  in 
such  a  maaner  as  to  entirely  ob^Tate  any  disagreeable  wait 
ot  ihe  belts,  owing  to  a  high  belt  velocity.  The  arranp- 
iment  removes  one  belt  from  the  tight  pulley  be f err  tbt 
other  engages  it.  The  back  ilng  can  be  lifted  so  the  t«W9 
may  be  run  from  under  the  tool  to  enable  the  operstia 
to  examine  his  work. 

All  the  driving  shafts  are  made  of  special  hnmm^rei 
steet,  and  run  in  well  lubricated  beariags.  Eaeh  stoft, 
with  all  its  parts,  may  be  taken  otit  intact,  whei'  for  wf 
reason  it  is  necessary  to  take  the  planer  apart,  Th«  Iw* 
pullej-s  are  self  oiling,   a   feature  of  great  ijujiortaacf. 

All  the  gears  and  racks  ai-e  aecuratoly  cnt  from  th* 
solid  and  all  parts  are  interchangeable,  and  can  he  rt- 
placed  at  a  moment 's  uotice. 

All  the  working  parts  are   nceuraltOy  suraped  and  fitt«i<'    j 
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consider  the  amount  of  feed  to  be  given  to  the  tool  at 
single  cut,  which  may  be  placed  at  a  maximum  hy  keep- 
the  tool  as  strong  as  possible  in  proportion  to  its  work 
»d  making  it  as  hard  as  its  strength  will  allow,  and  at- 
iching  it  so  that  its  cutting  edge  will  be  as  close  to  the 
jl-post  as  is  possible.  Cast-iron  may  always  be  cut  in  a 
laner  with  a  coarser  feed  than  is  possible  with  wrought- 
an  or  steel. 


A 


rn     € 


A 


ES 


Fit   317. 


D 


tA/^ 


Ftr    348. 


Planer  Tools.  Two  forms  of  planer  tools  are  shown  in 
Figs.  347  and  348  respectfully.  A  denotes  the  point  from 
■which  the  tools  will  spring,  in  consequence  of  any  in- 
crease in  the  depth  of  the  cut  or  from  any  seams  or  hard 
places  in  the  metal.  As  a  result  of  this  spring,  it  will  be 
obvious  that  the  tool  shown  in  Fig.  347  will  dig  deeper 
in  the  cut,  when  the  pressure  due  to  the  cut  is  increased 
in  the  direction  indicated  by  the  arrow.  It  may  be  read- 
ily seen  by  reference  to  the  drawings  that  the  radius  from 
the  point  of  support  at  A  to  the  point  T  of  the  tool  is 
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greater  in  Fig.  347  and  in  Fig.  348,  alihougli  both  tooli 
are  at  a  like  height  from  the  face  of  the  work.  Whil* 
these  two  tools  are  the  extremes  of  the  forms  shown,  a 
compromise   between   the   two   mny  be   had   by   makirie  Ibe 


Pilf.   34S. 

point  or  eutting  edge  of  the  tool  in  line  with  the  ceato 
of  the  tool.  Thns  making  the  tool  easier  to  forge  and  al* 
keep  the  cutting  edge  is  plainer  ■view  when  at  work. 

A  Bet  of  planer  tools  are  illustrated   in   Fig.  349  and  »_ 
description  of  them  in  use  is  given  herewith i 
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No.  1  is  a  left-hand  side-tnol.  No.  2  a  right-hand  su\e- 
■^kool.  No.  3  is  a  left  hand  dininoiitl-point  tool  and  No,  4  a 
Tijfht-hiind  diamond-jioiiil  tool.  No.  5  ia  a  brond-noae  or 
«toekiuj;-tool  fuj'  lakiiijj  heavy  eiUs  with  and  No.  6  a  scaling 
tuol  from  removint^  the  outer  surface  from  a  rough  casi- 
iiig.  No.  7  and  S  arc  right  and  left-hand  sidintr  tools  while 
No,  9  is  a  finishitijj-lool  for  gfttitig  into  shnrj)  corners. 
No,  10  h  cuttinjj-off  tool,  wliile  Nos.  11  and  12  are  rifftit 
and  left  bevel  tools. 

Fla,aer  Jacks,  These  .iacks  shown  in  Fiff.  350  are  desiiru- 
ed  for  toid-room  use,  for  leveling  np  work  on  a  jihiniT- 
bod  or  under  an  uprijjht  diill  ."^nd  for  st'Uinjj  up  machin- 
ery.    All   (he  parts  are  oasi'-hardened. 


rig.    350. 


The  Jaek  A  has  a  range  frnoi  214  'o  3'>^  inehps.  It  will 
raise  l.dOO  jtonnds  or  more.  The  two  e.xten.sion  bases  E 
and  C  are  made  to  Jit  Ihe  base  of  the  main  part  A  and  are 
1  and  2  inches  high  res;jeetively.  With  these  two  extea- 
sions  used  singly  or  to«rether  a  reach  of  from  2\'i  to  iJi^ 
inches  may  be  obtained. 

An  auxiliary  p<iiiited  screw  D  is  supplied  to  be  used  m 
place  of  the  screw  shown  at  A  and  ip  certain  places  where 
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it   mav   be  preferable.     The  base  E  is  also   provided,  /of 
use  in  cases  where  such  a  shape  may  be  desirable. 

Pl&ner  Vise.  A  swivel  vise  for  use  on  the  bed  or  nt- 
riage  of  a  planer  is  shown  in  Fig.  851,  It  is  bolted  upon  tht 
bed  and  travelu  with  it,  the  work  being  held  in  the  jiib's.  tli' 
same  as  in  a  viae  or  ii  luthe  chuck.  It  may  be  swung  arciu 
in  any  direction  and  ia  graduated  around  the  base. 


f'lt  3&I. 


The  planer  chuck  has  a  round  swivel  base,  ani  c*n 
set  at  any  desired  angle.  The  round  pin,  as  shovrn  in  l**'' 
tion  on  side  of  upper  piece,  is  tapered,  and  fitting  il'"  * 
tapered  hole  holds  the  chuck  parallel  with  the  bnse.  ''?' 
wilhdrawinjr  the  pin  and  tuniing  the  chuck  one-fiiisf'''' 
the  pin  again  drups  into  position,  and  the  chuck  is  at  orW 
anirles  with  its  former  position.  One  entirely  new  fwtJ^ 
ia  the  movable  cross  piece,  with  two  setting-up  screws  «''' 
the  two  pins  shown  in  position,  to  prevent  same  from  y'P" 
ping.  It  requires  no  blocking  to  follow  up  the  work.  ""' 
hold  irregular  work  nicely,  and  is  very  easily  adjusted. 
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SHAPEBS. 

The  sliaper  la  a  straight-line  cutter  of  the  planer  type, 
They  perfoiin  a  lar^e  variety  of  operations  formerly  exe- 
cuted   by    hand    work, 

lu  this  muchine  the  work  is  held  stationary  and  the  tool 
eiveti    a    reeiproeating   euttitig  motion. 

The  feed-mo(iot)  of  shapers  may  be  given  either  to  the 
cutting-tool  or  to  the  work.  When  the  feed  is  giveu  to 
the  cut  ting- tool  the  maehine  is  deseribcj  as  a  travel-head 
shaper. 

Ill  small  shajiers  (he  feed  is  communicated  to  the  work- 
table,  the  head  having  no  side  travel,  the  feed  motion  be- 
ing given  to  the  table  earrj'in"  llie  work. 

The  shaper  is  a  very  useful  tuol,  and  is  made  in  a  var- 
iety of  forms  for  special  purposes,  the  work  raufjing  from 
key  seats  in  shafting  to  i)laning  valves  and  steam  ports  of 
engine  cylinders. 

Crank  Shaper.  The  shaper  shown  in  Fig.  352  is  strong 
and   capable  of  taking  a  heavy  cut. 

The  column  is  of  unusual  depth  and  width,  and  is  also 
strongly  ribbed  and  braced  internally,  and  the  ram  slide? 
project   both    in   front   and   back. 

The  ram  is  of  fonn  designed  to  resist  working  strain, 
and  is  ribbed  and  braced  internally. 

The  rail  is  heavy,  ribbed  tiorizontally  and  strongly  gibbed 
to  the  column,  and  ttie  cross  traverse  screw  is  provided 
with  a  graduated  collar  reading  to  thousandths  of  an  inch. 
There  are  felt  wipers  between  the  rail  and  the  column. 

The  head  swivels  to  any  angle  and  is  graduated.  The 
locking  device  is  simple  and  efficient,  and  the  down  feed 
B«rew  is  provided  with  a  graduated  coUar  reading  to  thous- 
andths of  an  inch. 

The  vise  is  of  an  improved  double  screw  form,  and  has  a 
graduated  swivcling  base,  which  permits  straight  or  taper- 
ing pieces  to  be  securely  clamped   with  equal  facility  and 
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with  rapidity,     Tbt  jaw  plates  are  of  annealed  tool 
Ball    bearings   are    provided    tusder    the    elevating 
for  raising  the  rail. 


Pig.    352. 

Tile  key-seating'  of  shaftiiiR  and  similar  work,  up  WJ 
diameter  of  2I2  inches,  is  pr-oviiJed  for  by  an  openB 
throitjf!)  (he  «olmnn  nnder  the  ram. 

High  Duty  Crank  Shaper.  Th<.'  simper  illustrated  in  Fie 
353  is  of  new  detii<rn  and  meets  in  evory  resiM>et  the  f»- 
quireoients  of  modem   machine-shop  practice.     It  has  tlie 
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Jtmtx  xa  it  sod  is  bmlt  to  wtthsUad  tk«  «xtn(  stnas  inw^ 
4cnt  to  the  ose  of  high  duty  ratling  l$tt^rl.  Jhe  wutknii 
gives  the  fonrmrd  stroke  an  even  catting  s))etHl  th*  »«uti«« 
length  of  the  ent,  together  with  a  quirk  r«turu  Ihat  i« 
twice  that  of  aQj  other  cntnk  shaper  made. 
Ihe  wJaiim  ts  of  Ihe  lal«st  box  pattern. 


be  base  is  extended  well  out  in  frr/nt  tt/r  thn  talj|«  aufifjoft. 
be   raui   ia  of  the  box   pal  tern.     It  u  w«ll   rMiM  «d4 

in  dengn. 
be  bead  baa  i(a  nrird  aeeuntdjr  fradut«d  aa4  can  bit 
■M  to  aajr  aai^  and  m  held  io  poailkMi  bf  two  bolU. 
1^  aSdc  baa  a  tnr«r  of  «  iodMau    Tba  a«r*v  ia  yi»>^ 
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vided  with  a  gmilnateii  cullur  whidi  rcjJils  to  nne-tliiit*- 
audtlis  of  an  iiipli.  The  collar  is  so  arratic^d  tiiat  it  cau 
be  set  to  read  from  zero  tit  all  times  without  regard  to  ib* 
position   of  tlie  screw. 

The  table  is  of  tbe  box  form  with  working  surf  ace  on  Vif 
14x20  inches.  Both  sides  have  three  T  slots  for  clamplnj 
work.  The  table  is  raised  siifficlenlly  above  ths  sadJ'* 
to  allow  for  T  bolts  to  be  jjlaced  from  citbei*  end  of  Mt, 
The  table  hookini:^  over  the  suddle  give*  extra  ripi1"J' 
The  table  can  be  readily  removed  from  the  -satldJo,  whii'l- 
also  has  three  T  .'sldls  for  clamping  work  lo  it.  All  T  sl*t* 
are  cut  from  the  solid  metal, 

The  table  suppoit  funiiithed  b  very  iitrong^  miiiI  n^d  'nd 
supports  the  table  its;  entire  width  when  tii  any  position  m 
the  bar.  The  slidiiip  parts  are  all  hainl  seraped  and  W*!' 
gibbed. 

The  stroke  is  very  powerful  and  in  Udiform  the  •**''* 
length  of  the  cut  with  ft  quick  r^-tiirn.  An  inil«  »^ 
pointer  in   idain   view  Hhows  tli^  Icustti  of  »t 
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The  driving-cone  has  four  steps  for  ihree-inch  helt,  the 
I  largest  step  being  fourteen  inrh  diameter.     Il  is  supported 
between  two  bearings,  one  on  tlie  column  and  an  outboard 
bearing,  which  makes  it  very  rigid. 

The  countershaft  is  provided  with  self-oiliufi;  boxes,  and 
'  has  tight  and  loose  pulleys  fourteen  inches  in  diameter  for 
I  four  inch  belt. 


^F  Fig.    3S4. 

Motor  Driven  Shaper.    In  the  shaper  shown  in  Fig,  354 
it  will  be  noticed  that  tlie  idler  is  connected  with  the  driv- 
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big  pulley  tbroQgh  gears.  Tlie  advantage  io  tbis  ii  Ttrj 
obvious.  Were  it  ptissible  for  the  belt  on  the  motor  pailtf 
to  slip,  the  idler,  through  the  gears,  would  then  heeomt 
the  driver.  Also  the  larg»  nmomU  of  belt  contart  wliict 
can  be  had  makes  this  about  as  positive  a  drive  as  »  fliain. 
The  motor  bas  a  300  per  eent  variation  through  the  fifJ"! 
control,  giving  in  all,  with  the  back  gears,  52  changes  m 
ram  speed.  The  ram  can  be  stopped  or  started  in  any  p***'- 
tion  withinit   strip]iinf;  the  motor. 

Pull-Cut  Traverse  Head  Sh&per.  The  machine  i]lastr»t«J 
in  Fie.  355  has  a  bed  verj'  wide  and  deep,  and  stningly 
braced  and  ribbed,  which  is  very  rigid,  and,  as  it  rwt!* 
upon  broad  and  substantial  bases,  the  vibration  in  the  m"- 
chine  is  reduced  to  a  miiiimuni. 

The  saddles,  wiiich  csirry  the  rams,  ha^-e  long  o«d  ""i'^"" 
bearings,  provision  for  talcing  up  wear,  and  are  arrs"!!'^ 
for  quick  return  by  hand.  They  &re  opera trd  by  full  l^ni?*'' 
and  separate  screws  consequently  tlie  rams  may  be  uperaWo 
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The  heml  is  slrniit;  iind  suljstatitial  in  construction,  aw! 
is  jirovided  with  a  simple  ami  reliable  variable  autoitiattf 
down  feetJ,  and  also  with  a  worm  for  doiiig  eirenlar  wort. 

The   aprons   have   three  hen  rings  on    the   bed,   which,  as 
Btated,    is   unusually   deep,   and    are   movable    along  it  ^JmL 
means  of  a  raek  and  pinion  and  removable  pinion  wrencli'^ 

The  two  tables,  movable  vertieally  on  the  aprons  and  hor- 
izontally with  I  hem  alon;.'  (he  hed,  are  provided. 

The  elevating  screws  for  the  tables  are  hung  on  ball  be«r- 
ings. 


The    vise    is    of   an    improved    double    screw    form   witl* 
gradnatetJ   swivelling   base    and   swivelling  jaw,   permittini^ 
straight  or  tapering  pieces  to  be  clamped  with  equal  facil- 
ity and  with  rapidity. 


T.I 
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K  geuiag  is  of  vid«  fae«  anJ  Ur^  <(K»i«t*».  fiivuip 
le  strength  and  larsr  vwinf  sarfa««s. 
le  index  eeatos  vfakli  an  fwiushed  with  lli«  WMlMtiK 
g  8  indies  and  take  17  iadies  betv«en  «««t«rs> 

tvo  ^lecd  countershaft,  p\in«  eight  eutlinj;  S|>««<te  t« 

ram,  is  famished  vith  the  single  geared  ni«phin«.  vhi)* 

back  gearing  in  the  back  geared  maehine  gtws  »ight 

ng  speeds. 

g.  336  is  an  illustration  of  one  of  the  heads  of  th* 

erse  Head  Shaper  shown  in  Fig.  S55. 

lek  Sluver.    The  machine  illustrated  in  Fig.  357  has 

e  metal   thronghoat   to   make   it   a  powerful   a<)d   ae- 

te  tool  and  give  it  great  rigidity  under  w\)rking  atrtun. 

lis  machine  being  built  on  the  four  shaft  planer  prin- 

,  is  triple  geared,  that  is,  has  three  increases  of  (wwtfir 

een  the  driving  pulley  and  the  ram.     Thus  affordi))); 

tting  power  proportionate  to  the  strong  cttnstniction  of 

machine. 

le  column  is  of  unusual  depth  and  width,  and  ia  nltio 

igly  ribbed  and  braced  internally,  and  the  ram  Hlidca 

!ct  both  in  front  and  back. 

le  ram  is  provided  with  a  double  rack,  thus  avoidinif 

thrust,  and  is  ribbed   and   braced   intcrnnlly, 

e  rail  is  heavy,  vertically  ribbed  and  is  sti-ongly  gib- 

to  the  column,  and  the  cross  traverse  screw  is  provided 

a  graduated  collar  reading  to  thousandths  of  an  inch, 
e  bead  swivels  to  any  angle  and  is  graduated.  Thu 
ng  device  is  simple  and  efficient,  and  the  down  food 
7  is  provided  with  a  graduated  collar  also  reading  to 
iandths  of  an  inch. 

e  vise  is  of  an  improved  double  screw  form,  and  ha»  a 
aated  swiveling  base  which  permits  straight  or  taper- 
pieces  to  be  securely  clamped  with  equal  facility  and 

rapidity.    Its  jaw  plates  are  of  annealed  tool  stcd. 
is  shaper  is  supplied  with  an  outer,  or  table  8up{x>rt, 
bown. 
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Ball  bearings  are  provided  under  the  elevating  sew* 
for  raising   the   rail. 

The  key-Bentint:  of  shafting  aad  similar  work  is  providtd 
for  h}'  an  opening  of  large  capacity  through  the  column  mi- 
der  the  ram. 


Fig.   367. 

All  gears  and  T  slots  are  cut  from  the  solid  metal,  and 
all  the  bearings  are  amply  large,  and  all  shafts  are  ac- 
curately ground  in  the  shop,  and  the  shaft  bearings  are 
long  and  well  braced  in  the  column  casting.  Convenient 
means  are  provided  for  lubrication.  The  length  of  the 
stroke  can  he  changed  instantly  wliile  the  machine  is  in  mo- 
tion.    The  screws  for  adjusting  gibs  in  the  down  slide  of 
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head,  and  also  the  ram  slide,  are  bdd  in  position  by  lock 
nu'?    cnnnter-smik    flusli    with    casting. 

Speed  Change  Gear  Box.     The  Gear  Bos  drive  shown  in 
Fig.  3jS  providt'S    nil    I  be    changes    o£    speed    obtainable 


Fig.  3G8. 

through  the  usual  cone  pulleys  and  also  has  the  further 
advantage  of  affording  a  large  and  constant  area  of  belt 
contact   at  all  i^peeds,  without  shifting  the  belt. 
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In  designing  this  g^ar  box,  it  has  been  the  aim  t*  mskt 
it  ns  simple  and  strong  as  possible.  In  the  gear  box  thttt 
are  three  shafts,  two  of  whieh  carry  sliding  gears.  Hand 
nuts  readily  move  and  lock  these  gears.  This  gear  box  if 
desired  may  be  attached  at  any  lime,  though  it  is  mot* 
readily  done  while  the  sbapers  are  in  process  of  constres- 
tion. 


Fig.   3D9. 

le-Incli  Back-Geared  Crank  Sbaper.  The  tool  sboffo  >" 
Fig.  359  is  of  entirely  new  design,  and  has  a  namhet  o' 
valuable  features,  viz: 

The  column  is  of  unitaual  depth  and  width,  and  ia  sti*"*' 
ly  braced  internally.  The  bearings  for  the  ram  project  be'* 
front   and   back. 

The  ram  is  unusually  long  and  wide,  it  is  scraped  tn  * 
perfect  bearing  in    the  column,  its  position   of   travel  t* 
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be  changed  while  the  msichine  is  jii  mation,  through  the 
hand  wheel  .showji  Jieiii'  the  liead  iif  the  raiu,  which  operates 
a  screw  through   the  spiral  i^oannp'. 

The  length  of  stroke  of  the  ram  ean  be  chanKed  white 
the  machine  is  running,  by  means  of  a  hand  wheel  on  the 
riglit-haud  side.  Various  lenjrtiis  of  strike  are  indicated 
by  a  jKiiiitcr  on  the  side  of  the  x'ain,  which  travels  along 
an    index   plate. 

The  tool  head  is  gradiijiled  into  degrees.  The  down- 
feed  screw  is  provided  witli  a  collar  at  the  top,  graduated 
(o    llKUisaiullhs  of  an  incli. 

The  crank  is  single  ge.ired  at  a  ratio  of  4.70  to  1.  With 
tbe  back  gearing  it  gives  a  ratio  of  10  to  1.  making  with  a 
five-ste;i-  cone  a  range  of  ten  speeds,  which  is  especially 
valuable  for  tool-room  nae,  when  it  is  net^essary  to  cliange 
cjuickly  from  worliiiig  brass  or  east  inni,  to  steel,  or  vice 
versa.  It  is  changed  from  single  to  bark  geared  by  means 
of   a   lever  Incited  at   the  roar  of  column. 

The  tnble  i^^  tilted  to  the  saddle  by  overhanging  on  the 
top  and  locked  into  the  back  of  the  same  by  a  rielit-arigle 
corner.  Each  bearing  of  tlie  table  is  lltted  to  the  saddle 
by  scraping,  insuring  accuracy  and  gr-mt  stifFness,  This 
style  of  fastening  the  table  to  the  saddle  is  not  common 
with   shiipers,  yet   it   is  a   feature  of  groat  merit. 

The  table  has  three  T  slots  on  the  top  and  either  side. 
On  the  right-hand  side  of  the  table  there  is  a  tole  bored 
to  receive  the  stnd  of  the  vise,  so  that  the  vise  may  be 
held  on  the  side  as  well  as  on  the  top.  There  is  also  a 
vertical  V  groove  planed  in  the  opposite  side  of  the  table, 
which  is  convenient  for  holding  shafts,  rojnd  bars,  etc. 

This  tool  has  a  new  feature  which  is  entirely  original. 
It  is  the  planing  of  grooves  across  the  top  of  the  table  at 
right  angles  to  the  traverse  nf  the  ram.  This  will  be  found 
serviceable  in  locating  a  jiarallel  strip  so  that  work  can  be 
held  at  right  angles  when  desired  without  loss  of  time  ii 
squaring  the  same. 
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TKi  elevating  screw  is  of  lai^  diameter,  and  is  proTideil 
■with  ball  bearings,  which  will  be  found  most  effective  io 
action  when  raising  or  lowering  the  cross  rail.  The  eletit- 
ing  gears  are  made  of  steel  and  are  cut  from  the  solid- 

Another  entirely  new  feature,  original  with  this  marbins, 
is  the  quick  return  of  the  saddle  of  2  to  1.  This  will  ht 
found  of  great  value. 

A  toot  shelf  is  placed  on  the  right-hand  side  of  the  iw 
chine  for  holding  oil  can,  wrenches,  ete. 

The  vise  furnisheJ  with  this  machine  has  tool  steel-fse«i 
jaws  and  tool  steel  center  points,  securely  held  into  the 
lop  of  either  jaw.  With  the  vise  is  furnished  an  extra  p«ir 
of  anovular  jaws  for  holding  irregular  shaped  pieces,  tilt 
will  be  found  serviceable  for  many  classes  of  work. 

The  base  of  the  vise  is  graduated  into  degrees. 


THE   AMEHIC/IN- 

TOOL   WORKS    CO. 

CINCIMMATl.USA, 


Fig.    3t)U. 

The  movable  jaw  can  be  Beeurely  clamped  by  two  bolM 
on  either  side  of  the  same.  The  screw  which  operates  tU* 
jaw  is  protected  at  all  times  from  dirt  and  chips. 

The  keyseating  of  shafts  and  similar  work  up  to  s  di*- 
meter  of  214  inches  is  provided  for  by  an  opening  fhroof;!' 
the  column  under  the  ram. 

The  connection  or  the  rocker  arm  with  ram  is  aecomplisii- 
ed   bv  an  improved   method. 

Shaper  Centers.  The  drawing  shown  in  Fig,  360  repK- 
senta  a  pair  of  sbaper  centers,  but  they  can  be  used  on 
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pig.    361 

kdvanlageous  features  of  (be  alotter  are,  tl 
work  Is  always  visible,  the  line  to  be  worked  to  being  oi 
top  where  llie  tool  begins  to  eiit,  instund  of  where  it  fia 
ishes  the  cut  as  in  the  ease  of   the  shaper. 
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ing   the  keyways  in   wheels   or  ptillevs  of  large 

he  slolter  lias  lui  ef|iial. 

Hotter.     The  slotlPr  sliowti  in  Pig.  361  is  a  well 

ad  eonvcnit'nt   Uwl  to  operate,  and   as  shown  ifl 

;fuily  back  penri'd. 

In  easily  adjiiatalile  by  means  of  a  prank  in  fi*ont 

\    is    ("ouiiter-Ualiiticcd,    niul    has    t!ie    Wliit worth 

m   motion.^  The    tool    bloek    has    a    rrlief   motion 

tting   tool. 

i  has  power  feeds  in  all  directions— lateral,  cross 

r. 

Hotter, 
chine 
in   Fig. 
^oke  0 

e,  with 
lent  for 
)n  ami 
ave- 


Flg     362.  • 

I  to  1;  it  is  lumiahed  with  a  vertically  adjusted 
felief  tool  apron. 
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The  distance  from  the  frame  to  the  front  side  of  ( 
tutting  bar  is  36  inches,  making  il  possible  to  slot  in  tb* 
center  of  75  inches.  The  distance  from  the  table  to  ib0 
wnderaide  of  the  frame  is  30  inches. 

The  feeds  are  positive  and  self  acting  in  all  directioffl«» 
operating  at  the  upper  end  of  stroke,  the  arrangement  of 
the  handles  and  other  feed  works  is  sucb,  that  the  opera- 
tor can  command  fall  use  of  them  from  one  positioo,  ttid 
at  the  same  time  watch  tbe  cutting  tool. 

The  compound  tables  have  an  adjustment  of  42  inehe* 
longitudinally  and  36  inches  transversely,  and  support  * 
revolving  table  42  inches  in  diameter,  secured  in  any  posi- 
tion by  corner  clamps.  This  table  is  graduated  and  bo  tt- 
ranged  that  the  worm  can  be  disengaged,  for  ready  adjnst- 
maut  of  wock. 


Cutting  Keywaye  In  a.  Blotter.  The  operation  of  cntli^ 
a  keywaj  ia  a  large  gear  or  pulley  is  plainly  illustrated  I" 
Fig.   363. 
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Ailior  Press.  An  arbor  press  is  nsed  for  forcinf^  arbors 
into  and  ont  of  work. 

It  saves  time  and  finished  work.  It  saves  springing  and 
battering  the  arbor  and  work. 

It  saves  splitting  the  work  and  chipping  the  end  of  the 
arbor  which  comes  from  the  usual  method  of  driving  the 
arbor  by  means  of  a  hammer  or  sledge. 

It  saves  cleaning  out  the  centere  and  taking  off  the  Ijithe 
dog  when  changing  pieces. 

Hundreds  of  these  presses  are  being  used  for  purposes 
other  than  pressing  arbors,  such  '  as  broaching,  punching, 
bending  with  dies,  and  many  other  uses. 

Fig.  364  shows  a  machine,  which  is  a  very  useful  device, 
being  qnick  in  action,  and  which  is  always  ready  for  use. 
Operated  by  a  hand  lever,  a  pressure  of  seven  and  a-half 
tons  can  be  obtained  by  an  ordinary  man  by  means  of  the 
gear-wheels  shown  to  the  right  in  the  drawing.  It  is  ex- 
ceedingly simple  in  action,  and  consi.sts  of  a  massive  stand- 
ard, which  carries  a  sliding  or  adjustable  knee  which  can 
'jc  regulated  to  the  height  of  the  work  by  a  square-thread 
screw,  which  acts  in  a  nut  in  the  top  of  the  standard. 
The  handle  wheel  operates  the  screw  while  the  plate  is 
free  to  revolve  on  the  knee,  and  is  provided  with  lateral 
openings  of  graduated  sizes  for  various  dimensioned  man- 
drels. When  released  from  the  work,  the  arbor  or  mandrel 
^rops  on  a  soft  babbitted  cushion  and  is  caught  or  retained 
in  the  large  steel  ring  shown  below.     Tlie  plunger  or  ram 

has  a  rack  cut  on  one  side.     This  rack  is  engaged   with 

two  pinions,  one  on  a  seperate  spindle  and  one  on  the  lever 

spindle,  they  are  geared  toprether  by  the  spur  wheel  shown. 

The  leverage  is  obtained  by  means  of  a  wheel  and  pinion 

467 
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covered  in  the  drawiug  by  the  ratchet.  A  pawl  fits  into 
the  casting,  into  which  a  lever  is  fixed.  A  leverage  of  135 
to    1    is    thus    obtained.      The    counterweight    balances    the 


Fig.    361. 

Tever  and  keeps  it  in  an  uprierht  position  when  not  in  nae. 
A  pin  projects  from  one  side  of  the  pawl,  so  that  when 
the  lever  casting  is  upright,  (he  pawl  rides  the  sbcdder, 
thus   disengaging   the  pnwl   from   the   ratchet,   and   le«ring 
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the  rsm  free  to  be  moved  up  or  brought  dowo  to  the  work 
hy  means  of  tbe  band-whe«I. 


Fif.  886. 

Fig.  365  shows  a  very  [wwerfiil  pivss,  designed  for  man- 
drels  up   to  6  inches  diameter.     The  levdi-agfe  is  250   to  1 
and   the  press  is  capable  of  exerting  a  pressure  of  about 
leixteen  tons  at   the  end  of  tbe  screw. 
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Fig  see. 

A  simple  form  of  ati  Arbor  press  is  shown  in  Yig. 

Bolt-Cutting  and  Threading  Machines.     Bolt-euttersk, 

oihei-    miiehitit'S,    requiie    additJotml    toots    and    devices, 
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Flf.    368. 

irding  to  their  general  construction.  An  esample  of  this 
Is  the  special  cutting;-off  tool  designed  to  reduce  round 
wrought  iron  to  the  lenjith  nceessary  for  heading  in  a  bolt- 
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heading  machine.     Another  example  is  the  power  feed-al' 
tachment,    which    is    applied    to    the    machiae,    to   prodtl 
coarse  threads  true  to  pitch. 


Fig.    360, 

Fig.  367  shows  a  view  of  a  li^j-iiich  belt-driven  bolt-c«*' 
ter,  and  Fig.  368  a  li^-ineh  Motor-driven   triple  bolt  ca*^ 


V 


m-ti 


I 


ter.     Fig,  3flf)  is  a  3-incU   b«jlt-o utter  with  a  qiiick-flhtBl!* 
gear  attnchmcnt. 
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Table  N 

3.  22 — 8peei>  i 

>F  Bolt-Cutter  Dies. 

riiniH'ter  ul  Bolt. 

Revolution  of 

Diameter  o(  Bolt, 

K^volutloi]  ol 
Dies. 

X' 

460 

1J< 

60 

H 

•2-M 

iH 

46 

t 

188 

1% 

40 

153 

IX 

88 

is 

vn 

\% 

86 

115 

m 

82 

P. 

102 

IK 

80 

93 

2 

28 

% 

75 

2K 

2fi 

K 

65 

2X 

22 

1 

65 

2>i 

20 

8 

18 

Table  No.  22  jrives  the  cuttings  speed  for  bolt  cutter  dies 
hi  revoltitifiiis  per  minute  tVir  the  die  holder  or  head. 

The  screw-culting  die  head  shown  in  Fig.  370  is  simple 
in  construction  and  yet  admits  of  the  (inest  adjustments, 
being  graduated  upon  one  side  of  the  shell  and  provided 
with  an  index  by  which  quick  and  accurate  variations  in 
the  diameter  of  the  threads  may  be  made.  As  the  index 
is  controlled  by  one  screw  all  the  dies  are  ndjusted  simul- 
taneously. 

The  eonstriietion  of  the  dies  and  the  method  of  holding 
tliem  is  such  us  to  allow  a  thread  to  be  cut  Hush  up  to  a 
shoulder  If  desired,  and  by  means  of  an  internal  adjustable 
gauge  either  long  or  short  threads  ma.v  he  cut. 

In  operating  the  dies  the  gauge  is  set  for  the  length  of 
thread  required,  and  as  the  stuck  passes  through  the  dies 
and  comes  in  contact  with  the  end  of  the  gauge,  the 
mechanism  of  the  die  head  is  instantly  unlocked  and  the 
dies  open  automatically,  thus  releasing  the  work.  The 
dies  are  closed  again  by  means  of  a  small  handle  provided 
for  the  puqjose  at  one  side  of  the  head,  or  they  may  be 
closed  aatomatically,  if  desired,  by  screwing  a  pin  into  the 
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threaded    hole   opposite   the   handle   and   attflching  a 
pit'ce    of   flat    steel    to    the   hack    edge   of   the   turret 
whieh    will    etigii^    the    pin    as    the    turret    revolves,  tfca 
hringiug   the   die  head   oroand   into   iwisitim  irilh  tltt 
etosed  for  tlie  next  operation. 

The  advaiitafjes  of  this  method   of  tlircad   i-uttiue, 
eompared    with    the   olil    way  <if   running;    the^.Kodi  i»t"  • 
solid  die  add  then  being  obliged  to  reverse  tlie  motion  <A 


Tig.  871. 
(he  mflchine  in  order  fo  allow  the  die  to  run  baek,  can  he 
readily  appreciated.  Not  only  is  there  a  jrreat  saving  ia 
time,  but  other  well  known  object  ions  to  'he  solid  die,  fiueh 
,Ts  stripping  of  the  thread,  or  otherwise  injuring  either 
thread  or  die  when  reversinfi  the  motion  of  the  macbiDe, 
are  wholly  obvinled. 
Brass  FiaisherB*  Lathe.     Fig.  ^7\  repn'seuts  a  brawl  fa* 
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s  Utfae.  w-hteh  is  used  extensively  in  the  uanufncture 
goods  rcquiriag  scTeral  operations. 
The  headstock  Ls  provicle«l  wilh  nii  adjuj^tmeut  to  main- 
tain a  perfe<^  alignment  of  the  spinitte. 
The  spindle  is  made  of  s[>rrta]  hommered  strd,  arcu- 
telv  groand,  and  runs  in  pliosphor-brtinze  bt!arinjrs>  with 
provisos  for  taking  np  lh<>  wmr. 


The  bed  is  of  box  form,  atnl  dovetailed  on  the  lop.  mak- 
ag  the  best  construclion  I'or  a  latlie  of  this  kind. 

The  turret  revulves  aufcumtit-ally.  The  indexing  meeh- 
BJiism  is  made  of  hanleiicvl  ^twl,  Ihe  kiekinj^  pin  is  forced 
into  the  variuus  divisions;  hy  ii  sjiiriil  spring,  the  tension 
»f  which  can  be  regulated  ta  stiJt  refinireraents. 


-    "'   cm    lue    wor 

eold  saw  ci!rii„^,-oir  u 

This   raadiine   show 

stock,  and  can  be  air 


of  tVf       '•  '"'''''''   '^"^  « 
^i  toe. saw..  .      


■ 

^^^^^^^^^^^H 

■ 

■ 

HIHHI^^I^H! 
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Pi  the  end  of  the  work 

square  and   true  and   of  the 

Itiired  leagth. 

T^ 

tr  ■ 

1 

I 

'P* 

J 

y-jTr' 

1 

I 

1  ■  ^ 

^ 

■ 

fll^ 

'^^ 

1 

\4^^^H^^^^^^ 

N^H^^ 

1 

"he  spitiille  of  a  ciittiitir-off  mochine  is  hollow  and  th© 

■ 

pnsses  through  it  until  it 

comes  up  to  a  stop  or  f^auge 

cb  detennineH  the  distance 

tile  bar  shall  project  heyunc 
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Oiinder  Attachment.  It  is  often  necessary  to  grind  a 
flat  surface,  and  with  the  ordinary  grinder  this  is  impossi- 
ble as  there  is  nothing  to  regulate  the  amount  to  be  ground 
off.  The  attachment  shown  in  Fig.  377  is  clamped  firmly 
to  the  frame  of  the  grinder  head,  and  may  be  turned  back 
so  as  not  to  interfere  with  the  use  of  the  machine  as  an 
ordinary  grinder,  or  easily  removed.  An  attachment  of 
this  kind  will  be  found  of  great  advantage  in  foundries 
and  machine  shops  where  rough  fittings  is  required,  and 
for  finishing  iron  patterns. 

Hab-Forming  Machine.    An  automobile  hub-forming  ma- 
chine is  shown  in  Fig.  378.    The  hub  rest  has  long  bearings 
on  the  bed,  the  tools  are  held  in  dovetailed  gprooves  in  the 
uprights.     The   rear  tool  takes  the  roughing  cut  and  can 
be  adjusted  independently  of  the  front  tools.    It  is  serrated 
to  break  the  chips.     The  turret  is  of  a  combination  type, 
having  a  flange  cast  around  the  lower  part.     The  bottom 
of  this  turret  has  an  annular  T-slot,  in  which  a  number  of 
tool   posts  can  be   securely   clamped.     The  turret  has  the 
usual  number  of  holes  in  the  head,  each  hole  has  an  indi- 
vidual automatic  stop,  shown  at  the  end  of  the  turret  slide, 
•wtHcn  comes  into  play  when  the  turret  is  revolved  either 
to  the  right  or  to  the  left.     These  stops  can  be  adjusted 
to  suit  the  work,  which  is  far  superior  to  the  old  method 
of  making  each  tool  of  the  exact  length  to  suit  the  work. 
The  forming   tools  are  so  made   that   they   can  be  sharp- 
ened without  changing  their  form.     The  cross  feed  screw 
has  a  graduated  collar,  which   is  invaluable  in  producing 
exact  diameters. 
A  steady   rest  for  supporting  the  stock  is  mounted  on 
I    the  same  base  as  the  hub  rest.    It  is  fitted  with  a  pair  of 
•    hardened  steel  jaws  to  avoid  marring  the  finished  surface 
of  the  hub.     These  jaws  %re  operated  by  a  right  and  left 
hand  screw  and  will  grip  stock  up  to  the  full  capacity  of 
the  machine.     The  cut-ofif  tool  slide  is  attached  to  the  side 
of  the  steady  rest  and   is  operated  by  a  lever.     The  in- 
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'lag  mechanism  is  made  of  tool  steel  hardened  and 
and.  The  drills  used  are  made  hollow,  so  that  oil  can 
forced  to  the  end  where  the  cutting  is  done, 
'he  hub  is  formed  and  drilled  at  the  same  time,  the  drill 
ig  driven  independently.  This  is  accomplished  by  a 
scoped  shaft  and  universal  joints,  driven  direct  from 
countershaft  by  means  of  steel  bevel  gears.  The  lower 
;ket  supporting  the  bevel  gears  takes  a  bearing  directly 
the  flange  of  the  turret,  thus  making  a  rigid  construe- 
.  Being  attached  in  this  manner,  the  revolving  drill 
be  swung  around  the  same  as  all  other  tools  held  in 
turret.  The  oil  pump  constantly  funushes  a  sufBeient 
ply  of  lubricant  to  the  tools  when  the  head  is  running 
either  direction. 

ill  pinions,  worms  and  racks  are  made  of  steel.     Both 

worm  wheels  are  bronze.  All  screws  and  nuts  are  case- 
dened.  Each  machine  is  furnished  with  a  set  of  tools 
forming  the  front  and  rear  hubs,  one  drill,  one  counter- 
i,  one  split  collar,  and  ope  collet,  each  for  the  front 

rear  hubs. 

his  machine  is  said  to  finish  in  ten  hours  twenty  pairs 
hubs  from  three-inch  stock,  drilling  a  one  and  fifteen- 
eenth  inch  hole  three  and  one-half  inches  long,  reaming, 
iter-boring,  forming  and  cutting  off.  This  with  a  one- 
'  inch  depth  of  flange  on  the  rear  hub.  The  machine  has 
riction  geared  head  with  a  two-step  cone  pulley  for  a 

and  one-half  inch  belt.  The  gearing  is  entirely  encased. 

spindle  is  made  of  special  hammered  steel  accurately 
ind.  It  has  a  three  and  one-sixteenth  inch  hole  bored 
ugh  it,  so  that  a  bar  three  inches  in  diameter  can  be 
ed  through. 

ey-Seating  Machine.  Fig.  379  shows  a  machine  for 
ing  key  seats  in  pulleys  and  gears.  The  work  is  se- 
ly  clamped  to  the  table  by  means  of  bolts  which  en- 
I  in  the  T-slots  shown.  The  cutter  bar  is  drawn  through 
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the  work,  the  tevd  bein^  Qiaile  by  the  iiurard  moveinrjil| 
the   1:ibk'. 

Pipe  Threading  and  Cntting  Machine.  The  tlinacl 
nnd  pipe  cuttinff  niai-hinc  shown  in  Fifr,  3>^  is  snU  *A 
the  most  carefully  and  ri^illy  built  tool  on  the  marketJ 


FlJ.   37!). 


The  extra  long  barrel,  with  a  ehuek  at  eacli  end,  in 

the  ct'nter  line  of  the  pipu  bfin.!;  sytumptrienl  with  th 
the   tnachine,  so   dint    tln^   Ihronik   iir<?   cnl   at    exnc 
angles  to   the  axl-,   ,i    .1     .-»-.|   leiiirths   if   pipe 
perfect  line  when  j" 


r 
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Jtl  the  machines  are  etjuipped  with  nn  adjusting  mecli- 

JBQ,  which  requires  no  tools  to  otwrate,  and  is  accurate 

reliable  at  all  times.     By  throwing  a  lever,  this  mech- 


ifln  opens  the  dies  to  pass  clear  over  the  pipe»  when  the 
laehetl  mittitig-off  tool  can  he  moved  up  and  brought  lo 
Iwithout  moving  the  piiie- 
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A  motor-driven  pipe-thTeading  and  entting:  macbmo  is 
illustrated  in  Fig,  381.  Au  adjustable  six-die  die-hold«r 
for  a  pipe  threading  machine  is  shown  in  Fig,  382. 


To  belt  np  a  power  press  properly,  set  it  in  line  with  tlie 
coimtershafl  or  main  aliaftinf;,  and  faston  it  securtl.v  tn 
the  floor,  taking  care  that  it  is  properly  leveled,  and  tliat 
each  leg  has  an  equal  bearing  on  the  Hoor.  The  better  the 
foundation,  the  better  the  results  that  will  be  obtained. 
Take  double  the  distance  from  the  center  of  counter  or 
main  shaft  to  center  of  crank  shaft  on  the  press,  and  add 


Fig.    3S2. 


one-half  Uie  eireumfereaee  of  both  pulley  and  balance 
wheel,  and  the  result  will  be  the  approximate  length  of 
belt  required.  If  the  press  is  an  inclined  one,  and  it  is  to 
be  used  in  an  upright  position  also,  set  the  press  on  an 
incline  and  cut  the  belt  to  Ihe  proper  length;  then  set  it 
upright  and  set  a  piece  of  belt  of  the  proper  length  to  be 
nsed  when  the  press  is  in  that  position.  Put  on  a  belt 
the  full  width  of  the  %vheel.  Do  not  put  a  2-inrh  belt  on  q 
4-inch  face  balance  wheel,  anil  then  expect  the  momentum 
of  the  wheel  to  do  the  rest.    Do  not  set  the  press  directly 
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nnder  the  main  oi 
countershaft  when  It 
is  possible  to  avoid 
it.    Set  it  at  least  ^ 
leet    away,    even  i" 
aoor  siiace  has  to  be 
eacriticed  to  do  w. 
Bun    the   belt  *'* 
the  grain  ^'^^^  "^*' 
tothep'jUey.  Alw!! 
belt  i*  preferaV'l^'  '"_ 
a  short  oue,  as  '"'■' 
adhesion  cause*  W' 
the  weight  ol  the  Wt 
is      more    desinH" 
than    that   oUW    ^ 
by  tight  \mr,%    » 
the    belt    ^iV.  *«J 
longer  and  g''*^ 
ter  results.  Jl 

Drop  PtM*- 

The  hammer  illJJ^ 
trated    in    ^'B'  '' 
Btrikea     a    q«'';', 
sharp   blow,  at  ^^ 
rate    of    250  to  f^" 
blows    per   »>'»"''^ 
according  to  tb«*>^ 
of  the  iiiachine,  »>* 

instantly  gets  **' 
from  the  work,  tbef 

by    avoiding    »" 
Chilling  of  the  atoc 
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>wer  Press.  The  crank  shaft  of  Ihe  machine  sbown 
ifr.  3S4  is  mnJe  of  a  selected  doiihle-bamniered  fonHn?, 
rately    tunivd,    \vith    broad   polisbeU    bearioi;s   uf   sulli- 


iiameler  and  Ipugth  t<j  ttive  jiuwer  ynd  efficiency. 
cam  pintle  is  made  of  high-grade  east  steel,  and  is 
with  brass. 

lunin   erniik   shaft    bearing  has  large   diameter   and 
th,  to  insure  ^ood  wvstr  and  service,  and  is  bushed  with 
,  to  ntitke  it  servivoiihle  iind  efficitnl. 
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The  (-■Inleh  is  of  the  positive-jaw  typv,  wilh  jaws  liaod 
with  hardened  tool  steel  plates,  extra  tliick  ami  careMly 
fitted,  and  is  attaehed  to  the  shaft  by  two  feathers  to  in- 
sure strength  and  avoid  binding  on  ih?  fihafti 


An  improved  automatic  stop  is  furnisbed   irith  all  n*' 

cliiiiea,  for  stoppin;;  the  mftcliiiies  at  inv  desired  iwsirion 
of  the  stroke.  This  iuilomatie  stop  insures  positive  disen- 
gagement of  the  clutoh  by  means  of  .in  adjustable  c»*' 
steel  earn  ring  on  the  same,  aeling  aj^'ainst  a  hardened  tool 
steel  roller  on  the  top  of  the  slop  plunger. 
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The  maehine  is  designed  with  a  much  hij^her  throat  than 
is  commonly  used,  and  thus  insures  a  much  greater  range 
of  work,  aa  well  aa  avoiding  craropod  space  for  special  tools. 

The  shaft  of  ihf  press,  illustrated  in  Fig.  3S5,  is  of 
forged  steel,  journaled  in  adjisstnble  liners,  provided  at  the 
under  side  with  aa  adjustable  shoe.  This  feature  supplies 
means  for  taking  up  wear  atid  for  truing  the  shaft  by 
turning  it  down  in  ease  of  excessive  wear. 


TTbe  connection  is  graduated  one  thousandth  part  of  an 
inch,  the  conneetion  screw  is  made  uf  tool  steel,  oil  hard- 
ened.    The  recess  for  the  punch  is  made  square. 

Inclining  of  the  press  is  made  euuvenient,  as  after  loos- 
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ening  the  clampinj;  bolts,  it  can  be  done  witb  a  few  turns 
of  the  crank  fiiniishod. 

The  dutch  is  cnsed  on  Ihe  principle  of  Use  sliding  holt 
and  has  two  clutt'Iiitig  points.  A  safely  device  absolntely 
prevents  any  startiag  or  repeating  of  llie  pvess. 

Automatic  knoekouts  provide  means  for  discharging  work 
positively  from   the  punch. 
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Fnncb  and  Shear.  Fig.  38S  shows  a  double-ended  punch- 
ing auJ  siieariiijr  niaeliine. 

This  machine  is  doiible-weared,  and  the  frame  cast  in 
halves    and    securely    boUed    together.     The    driving   shafti 

B 


M 


-Q 


-E 


Fig.   3Sg. 

itre  of  steel,  and  the  latter  dnvea  the  slides  thrnu?;h  short 
eonnectins  rods.  The  slides  have  large  rectangular  bear- 
ing surfaces,  those  for  the  puuch  and  the  shears  being 
fitted  with  stop  motions. 


494 


MACHINE  SHOP  PRACTICE 


b^ 


Tnis  inueliitte  is  double-gearctl,  and  the  punch  and  slicar 
are  operated  by  levers  which  allow  them  to  remiiin  at  tlif 
top  of  tiie  stT'oke  durinf;  a  full  one-half  rtvoliition  of  (lie 
innin  shaft,  thns  affording  plenty  of  time  for  adjustmeiil  ^ 
of  the  plate. 


r 


fik.  ass, 

A  is  the  frame,  B  the  belt-shifter  rod,  C  the  fast  *oi 
lo-  se  pulleys,  D  one  of  the  Hy-wlieels,  K  beU-shifter  fori* 
T  and  L  the  belt-shifter  braekets.  G  the  belt-shifter  Itttt, 
H  the  belt-sliifter  hand-lever,  lit  the  belt-shifter  levei"  shaft* 
bracket,  and  S  and  P  the  shear  and  punch  respectively. 
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8ing)e-eiided  puni'li  iiiid  slieur  sliown  in  Fig,  389 
nnch  a  five-eigblhs  inch  hole  iu  five-eigblhs  iron  or 
fif  flat  iron  one-half  inch  thick  by  six  inches  wide, 
mnd  iron  one  and  (>ne-ei!*hth  ineli  dianieler. 
cam  shaft  is  made  of  i^pecial  hammered  steel,  wit!i  a 
^  on  each  side  u£  the  cam.     The  clutches  are  steel 


Pit   390. 

tight  and  loose  pulleys  are  fourteen  inches  in  diam- 

or  three  and  three-fourths  inch   heU,  and  make  180 

tiona  per  minute, 
machine    in    fumislicd    with    one    punch,    one    steel 
to    fit    the   slide,   one    die,   one    die   holder,   one   die 

and  wrenches. 

ther  form  of  single-ended  punch  and  shear  is  shown 
390. 


5 


496 


MAOTINE  SHOP  PRACTICE 


Screw  Shaving  MacMiie,  Fig.  301  illustrates  a  seKv 
filiaving  madjine. 

The  (li'iiW'bai'k  collets  are  opi'ned  mtJ  closed  in  lit 
spiiulle  by  a  liaiiil  lever  and  are  irivaliiablo  fur  ht)l(liag  ac- 
curately work  of  a  circular  cross  section  that  must  be  so 
finished  ihat  extcrual  and  inlerual  surfaces  shall  be  wn- 
et  11  trie. 


Fig.  391. 

The  cross  rest  has  two  tool  posts,  operated  by  a  lew, 
pinion  and  rai'k. 

Each  inadiine  is  furnished  with  spring  collets,  cross  rest, 
oil  pamp,  pan,  tank  and  countershaft. 

Screw  Threading  Die  Holder,  A  screw  Ihreailing  die 
holder  IS   ilhistratt'cl   in   Fiir.   302. 

Tlie  die  if  made  fr<im  a  special  tool  steel,  and  aeearately 
cut,  it  is  made  adjusted  by  a  elampinj;  collar.  The  dies  mo 
be  readily  sharpened  on  an  emery  wheel. 
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The  clamping  (.'uUar  is  arranged  with  a  sot-screw  for 
!ach  prong  of  the  die,  thus  giving  an  indepenilent  adjust- 
Dent. 


The   die  holder  can   also  be  nsed    for  holding  taps  when 
red.      The   shank    of  the   holder    revolves   in    a   sleeve 
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l^_  which  has  its  ends  formed  into  right  and  left-hand  clntchw, 

^^m  which  engage   with  projections  on  the  shank  aod  bead  of 

^^M  the  die  holder.     Thisi  allows  the  die  or  tap  to  remain  sti- 

^^^  tionary  at  the  instant  of  reverainj^  the  motion,  so  that  it 

^^K  may  be  backed   off  of  the  work  without  jar  or  danger  of 

^^B  being'  broken.     The  work  mav  be  cnt  close  up  to  a  sUuul- 


Big.  398. 


Valve  Milling  Machine.  Fig.  393  repregents  a  Valve 
Millirij,'  Mathiiie,  which  has  been  designed  with  esp*o*l 
reference  to  the  requirements  of  the  brass-finJshtug  ti*^- 
for  milling  the  square  or  hexagon  parts  of  valve  bodift 
nnts,  caps,  and  oilers. 

The  lieaUs  are  adjusted  independently  by  band-wlieeb  it 
either  end  of  the  bed,  so  that  the  cutters  may  be  sepftnloi- 
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The  i|Miiffli  I  as*  WiiiMr.  MMle  t(«ai  3f<t««»)  ItWNMMwi 
itod,  aenvatclT  |,iiiwiii,  and  kav*  |Mr»visi>M»  1^  MbN^ 
^p  tke  wear. 

The  ^nght  s|ndle  las  tki«e  anl  ««»4Mlt  um^  v«rtw«iU 
a^jnstncnt,  irtkk  i$  saffinent  to  ahra^RS  Wins  tW  vtmtw 
of  ^kindle  ofipoBte  the  emter  of  the  wdrl:.  thus  )tw*|\i)vt 
the  support  dose  to  the  catteR.  an«l  th^ivhy'  i«*»riA$ 
aonooth  work. 

The  indexes  can  be  set  for  either  squarv  cur  h*MUl^>n 
milling,  as  desired,  and  cannot  be  set  wnHt);. 

The  lueee  to  be  milled  is  held  seeure  with  th»  niu^t 
iqiindle,  as  shown  in  the  cut,  by  means  of  the  Urjiv  hand- 
-wheel  at  the  lower  end  of  the  same. 

When  two  sides  hare  been  milled  the  articlt>  i«  rotatwi 
throogh  60  or  90  degrees  by  means  of  the  lov«>r  ahown, 
which,  with  one  motion,  unlocks,  rotateii,  and  atrain  l«H>k« 
the  spindle. 
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■  ^ 

■^ 

Bods*    Bm.      Thi8                      ^^ 

1^    1 

tool,  sbovn  in  Fig.  394,                     ^■H 

H                   ^H 

is  asefal  for  borini;  en-                     ^^^^ 

H                  ^H 

gine   ejlioders  without 

H              ^1 

detaching     tbem    from 

i^L             ^1 

their  beds.     It  ma;  be                                 j 

^B             ^1 

net  At  any  angle  or  in                                 1 

^1                 ^H 

any  positton.     It  is  also                                 I 

^H                  ^H 

oaeful  lor  boring  cylin-                                 M 

^^r                          ^1 

den  of  large   diameter 

^r                         ^^1 

or  great  length  in  the 

1                     ^^^1 

lathe  or  on   a  table  or 

1                       ^^^1 

1                       ^1 

poipoee.     The  cutting- 

^H                            ^^1 

tool    is    attached    to  a 

ttoeve  which   is  moved 

^^^H                                           ^^^^H 

along  the  bar  by  means 

Ir^^^^          ^H 

o{   a   Itsed-BCrew   withiu                          

^W^^^^          ^H 

the   bar  which  may  be                   ^^tf^°^* 

i^l^^L.         ^1 

operated   by  the  small           ^^^^^Hfln 

^MHp            ^H 

handle    ehown    at    the       ^^^^Bff^^ 

j^y^^Hl^                         ^H 

left  hand  end  of  the  har      /^^^^f  ^Hl 

sSftst^j            ^H 

or  aatomatically  by  the              i  vil^l^^S 

'wf0^           ^H 

pin    wheel    shown  im-             ^ci^^; 

!■                     ^H 

mediately    behind    the       ^                     V 

■1                     ^1 

handle.                                  X^  ,,  ^^ 

II                     ^H 

Chain  Hoi>t0.  Atwo                          i 

H             ^1 

■heave   chain   hoist  of                          m  ^ 

L^^^h                               ^^^1 

the  Weston  difierential   1                    f    J 

tjpe  is  shown   in  Fig,   1                    MM 

^^^                  ^H 

896.     This    hoist  will  1                   §9 

^H 
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euatain  the  load  in  any  position.  A  compound  womi  gear  and 
piuion  chain  hoist  is  illustrated  in  Fig.  396,  This  form  of 
hoisi  is  intended  for  raising  heavy  loads  and  is  in  cons«- 
queuce  very  slow  in  its  actiQU. 


306. 


Fl*.    396. 


Electric  Motor.  When  a  sonrce  of  electricity  i&  near  a> 
hand,  n  pfirtublc  eludrip  motor  with  a  flexible  shai't  drive 
will    be    found    an    excellent   method   of   o^Kraling   a   dril) 
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press  such  as  is  liesoriUed  in  B'ig.  397,  The  illustratioQ 
in  Fig.  307  sho«-s  plainly  the  manner  in  whit'h  the  motor 
and  llexible  shaCL  &re  connecti?d  to  the  drill  press. 


Fig.   3»7. 


Hand  Drill  Press.  Fnr  drilling  h'lJos  in  larire  castings 
Buch  as  the  bfij-phites  (if  entjines,  wliicli  are  of  too  large 
dimcBsiona  to  jrn  imdor  n  drill  press  even  of  large  swing. 
The  portable  drill  shown  in  Fi;.;.  ;W8  is  a  very  handy  tool. 
It  may  be  clamped  to  nny  part  of  the  casting  and  be  ad- 
justed  to  almost  any  position. 

Forge.  Tho  forge  shown  in  F'ig.  3t)9  has  a  strong,  posi- 
tive, regular  blast.  It  is  constructed  from  structural  steel, 
makiu^  it  strotig,  stiff  mid  li<;ht,  The  machinery  is  all  en- 
elosed  in  an  oil-tiglit  casiufr,  and  entirely  noiseless.  It  has 
no  helts  or  friction.  It  is  titled  up  throughout  with  ball 
bearings. 
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Key  Seating  Machine.  A  portable  key  seating  machine 
for  use  in  eutting  ke^TPays  in  shafting  when  in  place,  is 
BhowQ  in  Fig,  400.    It  liaa  boLb  hand  and  automatic  feed. 
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Slide  Bests,  The  construetion  o'.  a.  slide-rest  may  be 
understood  from  Fig'.  401.  The  eutliiig  tool  is  carried  in 
the  upp€r  slide,  whiph,  by  means  of  a  Sfrew  whose  handle 
is  showD,  may  be  moved  in  or  out  on  the  lower  slide  so 


Fig.   101. 

lis  to  regolate  the  depth  of  the  cut  taken  oS  the  work  and 
Ihiis  regulate  its  diameter.  To  carry  the  cut  along  the 
work  the  upper  handle  operates  a  screw  whose  nut  is  at- 
tached to  the  lower  slide,  and  thus  traverses  tbe  tool  along 
the  work. 

511 
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The  Ufiper  view  in  Fig.  40*2'  shows  a  plain  slide  rest  wilb 
a  swivel  attaeLmeut  by  whieh  it  may  be  set  to  any  de- 
Bii'efl  angle.  The  biwer  view  sliowa  a  slide  rest  with  a 
screw  cutting  attaebment, 


Tool  Holders,  The  tool  Imldcrs  sb<nvn  in  Fik-  W  «« 
for  borinjj  (oob  which  may  be  adapted  to  &  variety  of  P^^ 
poses. 
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DROP    F0R6tD 


ig.  404  shows  two  cultiiiw-off  tools  with  holders. 
Thread  cot  ting  tools  are  shown  in  the  two  views  iu  Ms. 
465. 

Tapping  Attachment,  Fig.  406  illustrates  various  forma 
«l  an  Auttirnatic  Reverse  Tapping  Attachment,  whieh  is  a 
well-designed,  double-pluteh,  rjuick-re verse  mechauism  of 
compact  and  rigid  eonstrnetioii.  It  is  attached  to  and 
fljipjed  with  any  machine  spindle  by  the  regular  taper 
ibMuk,  and  is  fitted  wiiii  a  quick  change  drilling  and  tap- 
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ping  chock,  having  two  sets  of  jaws  to  grip  both  the  round 
and  the  square  parts  of  the  tap,  which  hold  standard  taps 
and  straight  or  taper  shank  drills  within  (he  range  speci- 


fied.    The  gear  train  consists  of  steel  spur  gears  throup;h- 
out,  and  parts  exposed  to  wear  are  hardened  and  bushed. 


516 


MACIUNE  SHOP  PRACTICE 


Style  A.     Where  the  work  Is  easily  handled  and  eente 
itself  to  the  top.     Work  that  is  drilled  and  then  rehandled 
and  tapped. 

Style  B.  For  radial  drill  work,  tapping  in  surfaces  at 
different  heights  or  wherever  a  etop  coUar  on  machine  is 
undesirable,  it  avoids  lifting  work  when  diseusaginS 
elutches. 


Ftf.   40T. 


Style  0.  Wherever  there  is  danger  of  breaking  tape  °J 
the  depth  of  the  hole  in  the  metal,  as  seyeral  cuts  cru  b« 
taken,  it  permits  the  tap  to  strike  the  bottom  of  the  hft' 
without  breakage. 
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le  D.    Wherever  the  work  is  clamped  down,  or  is  too 

to  center  itself  to  the  tap,  the  interchangeable  tool 

rs  are  required  to  drill,  tap  and  set  studs,,  in  line 

ut  stopping  or  reversing  the  machine  or  moving  the 

id  and  Follower  Keats.  Various  forms  of  hand  and 
rer  rests  are  shown  in  Fig.  407. 

t  Tool  Orinder.  The  tool  grinder  shown  in  Fig.  408 
simple  and  effective  machine  which  is  always  ready, 
at  and  reliable.  By  a  new  and  simple  device  an  even, 
r  flow  of  water  can  be  obtained  upon  the  wheel  when 
running,  and  this  flow  can  be  regulated  to  the  desired 
it.  The  bowl  is  of  generous  dimensions,  both  in  front 
n  the  sides,  and  the  bearings  are  dirt-proof  and  self- 

intenhafts.  The  countershaft  shown  in  Fig.  409  is 
n  into  action  by  a  pull  on  the  cord  attached  to  the 
ted  lever,  which  is  set  in  a  bearing  with  just  enough 
:ricity  to  throw  the  friction  disc  into  engagement 
the  driven  pulley  or  cone.  To  stop,  another  pull  on 
ord  sets  the  lever  back  to  its  original  position,  dis- 
cs the  friction,  and  draws  it  back  enough  to  entirely 

thus  preventing  any  wear.  The  weight  is  propor- 
1  to  hold  the  friction  well  in  place  without  undue 
ire,  and  the  contact  roller  is  made  of  sufficient  size 
it  it  runs  comparatively  slow.  It  does  not  run  when 
lutch  is  out.     Allowance  is  made  for  taking  up  any 

so  that  the  weighted  lever  will  always  act  at  the 
ingle  and  give  the  proper  throw  to  the  eccentric. 
!  shaft  is  stationary  in  the  hanger  and  the  pulleys 
.•e  upon  it,  thus  giving  them  a  long  bearing.  The 
is  drilled  longitudinally  from  both  ends,  and  grooved 
stribute  the  lubrication,  which  is  effected  by  a  wick, 
ontact  roller  also  revolves  upon  its  shaft  and  is  lubri- 
in  like  manner. 
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Another  form  of  comitershaft  h  illustrated  in  Fi^.  410. 
This  has  tight  and  loose  pulleys  instead  of  friction  ehitchw, 
but  iu  operation  js  very  similar  to  the  one  shown  in  Fig, 
409. 


P 


Fie-  411, 
Magnetic  Chuck.  The  illustrntion  shown  in  Fig.  411 
shows  the  special  rotarj-  matjuetic  chuck  for  grinding  the 
sides  of  discs  and  washers.  They  are  made  in  two  sixtSi 
10  inches  and  12%  inches  diarneter  respectively.  The  draw- 
ing shows  the  10  inch  size,  and  the  washers  shown  are  Vn 
inch  diurDeler  approximately.  It  will  be  seen  that  tbii 
is  a  sixteen  to  one  proposition  eompared  to  finishing  on« 
washer  at  a  tinie.     In   these  chucks  the  magnetic  forw  i> 

concentrated  im- 
mediately under  th« 
work  and  a  slightly 
projecting  rim  n«<un- 
tains  the  work  coo* 
centric  with  tht 
Ptg.  412.  ' — ^  ^'^     chuck. 

A  magnetic  vise   for  use   on  milling  machines,  snrfia 
grinders  and  other  tools  where  small  pieces  require  to  bt 


Fit   413. 

Demagnetizer.  Hardened  cast  steel,  and  to  a  slight  iSe- 
g;ree  east  iron,  coming  in  contact  with  a  magnetic  chuck, 
becomes  permanently  magnetized.  On  aome  claasea  of  work 
this  k  objectionable  and  the  apparatus  shpwn  in  Fig,  413 
is  the  ontcome  of  a  long  series  of  experiments  to  overcome 
Dm  diiBculty.     The   apparatus  has  proven   an  entire  sup- 
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linstaotly  rRmoving  (ill  traces  of  may;iietism  hy  nrnftf 
linfr  the  work  several  times  over  the  top  of  the  ip- 
Lis. 

|r  apjmrattis  consists  of  a  finely  finished  qoarttnl 
lox  on  an  iron  base  to  which  are  attached  the  how 
Jie  revoh'inp  magnet,  the  pulley  for  which  b  show 
right.  The  cover  of  this  apparatus  is  detachable  ud 
Irts  a.  mass  of  laminated  plates  of  thin  sheet  iwhl 
|ied  to  the  two  top  plates  shown  in  ihe  cut.  The  ttoA 
tlem^isnctizetl  is  laid  across  the  top  plates  and  lifted 
I  and  lowered  again.  This  apparatus  has  (he  effect  of 
latin;j  the  polarity  of  the  worli  which  leaves  behind  * 
In  of  its  mapnelic  charge  each  time  it  is  withdraw 
If  the  nmguelic  field.  Wires  lead  from  the  left-hwd  i 
If  the  ciemagtietizer  to  the  rou-itershafi  shown  in  P%. 
\n  whit'h  both  the  starting  and  stopping  is  done  bj 
a  cord,  and  in  which  the  movement  of  the  Rhipper 
lies  an  electric  switch  nutomatieaUy  to  supply  tk 
tnelizer,    and    in    stopping   automatically    cuts   i-it  tbe 
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Plain  Index  Center.  Tic  Index  Center  shown  in  Tig.  4i4 
is  made  in  two  aizes.  The  spindle  is  2%  inches  in  dianaeter 
imd  is  made  tapering  so  as  to  compensate  for  wear.  The 
nose  is  threaded  to  receive  u  chuck  or  any  oilier  lixture. 
The  divisions  are  made  with  a  siiif,'le  notehed  plate  which 
can  be  handled  very  rapidly.  Three  plates  can  be  carried 
On  the  spindle,  so  that  a  variety  of  divisions  can  be  made 
without  removing  a  plate.    After  the  division  is  made,  the 


Fig.   414. 


spindle  can  be  securely  locked  in  position  with  the  small 
lever  shown  at  the  side.  This  takes  all  the  strain  off  the 
indes  mechanism.  The  plates  are  a  plain  lathe  job  and 
ean  be  easily  duplicated  and  cut  any  number  of  divisions 
required. 

Differential  Indexing  Device.  Differeritial  Indexing  is 
aecnmplLshed  by  jjearing  the  spindle  to  the  index  plate.  It 
is  mueh  simpler  than  the  com]jound  method  and  covers  a 
much    larger    range    than    it    is    practicable    to    obtain  I»y 
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special  index  pliites.  With  it  all  prime  numbers  within 
the  range  of  genr  cutting  can  be  obtained.  OwijiK  to  iis 
simplicity  the  liability  of  error  is  very  small,  one  circlf 
of  holes  is  used  the  isaiue  as  in  plain  in'iexing.  The  indH 
handle  being  turned  in  one  direction  only,  the  differenli»l 
feature  is  obtained  by  geare  in  a  positive  manner. 

Pig.  415  stiows  a  Differential  Inde,>ciiig  device,  Tlie 
quadrant  carrying  the  change  gears,  swivels  on  the  bue! 
bracket.  The  quadrant  is  split  and  is  clamped  in  any  n- 
quired   position    upon    the    bracket,    ther.-by    providing  an 


easy  and  substantial  nietlmd  fur  iirii[>fily  incshiii'.'  the  pM'^' 
The  back  of  the  head  spitidle  is  hiired  taper,  kejiivayi'il,  in'' 
canies  a  change  gear  stud.  The  connection  from  ihiis  st'"' 
to  the  worm  shaft  is  made  by  the  quadrant  which  hus  1*" 
T-slots  in  it  for  properly  adjusting  and  carrying  botli  tl'* 
compounds  and  iillere.  As  the  whole  arrangement  is  ^''' 
contained,  the  head  eau  he  placed  in  any  iiosition  on  t'"" 
table.  The  change  gears  and  index-plates  furnished,  «>''" 
all  numbers  to  'A60. 

Universal  Head.  The  drawing  ehuwa  in  Fig.  416  i*  • 
Universal  Dividing  Head.  As  its  name  dignities  it  is  »  iii- 
vcrsal  head  in  all  respects,  ail  kinds  of  dividiyg,  at  «">' 
angle,  or  spirals  of  any  form,  eau  be  cut  on  it.  Tile  »«iw 
can  be  ttirned  completely  over  from  one  side  to  Ihe  oth") 
and  to  10  degrees  below  the  horizontal  on  either  side,  it- 
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Scribing  an  are  of  200  degrees.    It  is  not  necessary  to  w- 
move  any  part  of  the  head  to  sware  this  range. 

The  main  bod;  or  swivel  of  the  bead  is  on«  solid  cast- 
ing, bored  and  larned  to  rewire  tbe  different  parts.  It 
is  eompletely  circular  in  form  except  tbe  part  at  tbc  main 
apindle.  This  is  cat  back  stt  as  to  allow  as  prcat  a  di&<anc« 
as  possible  between  the  centers  and  reduce  the  heisbt  when 
Bet  in  a  vertical  pt>sili>in.     A  dovetail  is  turned  completely 


Pig.   il6. 


ariiuiiii  the  swivel  for  damping  it  lo  the  base.  The  base 
is  accurately  turned  to  fit  the  swivel,  both  ends  and  the 
main  body  of  the  swivel  fomiin'.;  n  beariufr  which  is 
Securely  clumped  to  tlie  base  by  clampinjr  bolts,  the  heads 
of  these  being  turned  the  e.taet  radius  of  the  dovetail  in 
the   swivel. 

Universal  Spiral  Cutting  Head.  Fi*.  417  shows  a  uni- 
versal head,  desitrueri  eKjweiutly  for  liea\\v  spiral  work,  il 
lliavinor  all  the  ai! vantages  of  a  sjiiral  combined  with  tin' 
features  of  a  universal  head. 

The  spindle  can  be  swung  throuj^h  an  arc  of  110  de^eea. 
which  is  ample  for  cutting  bevel  jcears  or  work  of  this  de- 
scription. The  spindle  is  very  larire,  and  in  made  of  hnm- 
Biered   crucible  steel.     It   can   be  quickly  clamped   in   any 
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position,    relieving;    the    worm    and   worm   wheel   trom  «D 
Btrain  when   taking  a  lieary  cut. 

The  dividing  worm  ie  placed  near  the  front  of  the  spin- 
dle, this  construetion  allows  ni  a  mueh  greater  diameter  ol 
worm  wheel  than  iii  any  other  style  of  head.  It  if  t^ 
with  a  s|>efial  geared  tixniic,  insuritifj  great  aetara^T. 
With    llie   index   plates  furnished,   all   numbers   to  50i  tJtt 


Fig,   417. 

even  numbera  to  100,  and  most  numbers  to  300,  can  « 
divided.  When  required  the  worm  eali  he  disengaged  twn 
the  worm  wheel  and  the  spindle  revolved  by  hand.  Tbu 
can  be  done  quickly  without  removing  any  part  of  the  he«4 
and  can  be  instantly  readjusted  to  a  i»sitive  stop.  "Wbel 
the  Bpindle  is  released  the  divisions  eau  he  made  wi'li 
front  plate  by  an  index  pin.  Is  very  bandy  for  reanifri. 
milling  cutters,  taps,  hexes,  squares  and  work  of  this  chuf- 
aeter. 

The  front  end  of  the  spindle  is  threaded  for  a  ehwt. 
Tfie  np  and  down  adjustment  of  the  center  is  obtained  by 
a  screw  so  that  it  can  be  ."^et  accurately  and  can  he  clamp«d 
fiecurely  in  any  position. 
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StfleL  Steel  is  a  componnd  of  iron  and  carbon,  varying 
in  proportion  of  0.5  per  cent  to  5  per  cent  of  carbon.  Spe- 
cific gravity  7.8,  tensile  strength  from  90,000  to  120,000 
'pounds  per  square  inch.  Ordinary  steel  is  carbon  steel, 
but  steely  comfwunds  of  iron  have  been  produced  which 
have  the  same  general  properties  as  ordinary  steel,  the  car- 
bon of  which  is  replaced  by  other  chemical  elements. 

To  test  steel  and  iron.  Nitric  acid  will  produce  a  black 
spot  on  steel,  the  darker  the  spot,  the  harder  the  steel. 
Iron,  on  the  contrary,  remains  bright  if  touched  with  nitric 
acid.  Good  steel  in  its  soft  state  has  a  curved  fracture 
and  a  uniform  gray  lustre,  in  its  hard  state  a  dull,  silvery, 
uniform  white.  Cracks,  threads  or  sparkling  particles  de- 
note bad  quality. 

Good  steel  will  not  bear  a  white  heat  without  falling  to 
pieces,  and  will  crumble  under  the  hammer  at  a  bright  red 
heat,  while  at  a  mild  red  heat  it  may  be  drawn  out  under 
the  hammer  to  a  fine  point. 

Case  Hardening.  Place  horn,  hoof,  bonedust  or  shreds  of 
leather,  together  with  the  article  to  be  case  hardened,  in  an 
iron  box  subject  to  a  blood-red  beat,  then  immerse  the 
article  in  cold  water. 

Case  Hardening  with  Pmssiate  of  Potash.  Heat  the 
article  after  polishing,  to  a  bright  red,  rub  the  surface  over 
with  prussiate  of  potash.  Allow  it  to  cool  to  a  dull  red, 
and  immerse  it  in  water. 

Case-Hardening  Mixtnres.  Three  parts  prussiate  of  pot- 
ash and  1  part  of  sal-ammoniac,  or,  1  part  of  prussiate  of 
potash  and  2  parts  of  sal-ammoniac  or,  bone-dust  alone. 

A  good  soft  heat  is  safe  to  use  if  steel  be  immediately 
and  thoroughly  worked.  It  is  a  fact  that  good  steel  will 
endure  more  pounding  than  any  iron. 
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If  steel  be  left  long  in  the  fire  it  will  lose  its  steely 
nature  and  grnin,  and  partake  of  the  nature  of  oast  iron. 
Steel  should  never  be  kept  hot  any  longer  than  is  neeessao* 
for  the  work  to  be  done. 

Steel  is  entirely  rnen'urial  under  the  action  of  Heat, 
and  a  careful  study  will  show  that  there  must  of  necessity 
be  an  injurious  internal  strain  created  whenever  tiro  or 
more  parts  of  the  same  piece  arc  subjected  to  dlffei^"' 
temperatures. 

It  follows  that  when  steel  has  been  subjected  to  liett 
not  absolutely  uniform  over  the  whole  mass,  careful  an- 
nealins  should  be  resorted  to. 

As  the  change  of  volume  due  to  a  degree  of  heat  '"- 
creases  directly  and  rapidly  with  the  quantity  of  (Mtrbon 
present,  lii;,'b  carbon  steel  is  niore  liable  to  dauRerous  in- 
ternal strains  thau  low  carbon  steel,  and  great  eare  shoaW 
be  exerdsfd  in  the  use  of  high  carbon  steel. 

Ho  I  steel  should  always  be  put  in  a  perfectly  dry  p'*'^^ 
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of  iraa  nd  sted  4o«  not  (»s  khheito  ahiwil)  i»)i«kt<» 
Oe  ^jaaBtjr.  A  Ugb-breskiBg  strain  May  Vr  il«e  to  kaM, 
mnidSag  ckamtter,  or  a  kv  one  nay  W  d««  f  VLUtmut 
•oftaaesE.  The  eontnctian  of  area  at  th«  flractai*  fvantt  «« 
casmtial  tlett  in  esiimating  the  qaaKt;. 

Iron  vben  traetvRd  snMtaaiy  prodoMs  a  erTStaUin*  fr*ip- 
tore,  but  if  gradnallj,  a  fibrous  fractare.  This  acwMiuits  f«r 
the  anomaly  in  the  supposed  rhanjsie  of  iron  from  a  ttbrotut 
to  a  a^vtalline  character.  Sodden  shoulders  vhi^  pr^ 
rent  a  legnlar  elongation  of  fibre  cause  a  sudden  snap. 

The  strength  of  steel  is  reduced  by  being  hardened  in 
water,  but  both  its  hardness  and  toughness  are  inrreasetl 
by  being  hardened  in  oil.  Iron  heated  and  suddenly  Mwled 
in  water  is  hardened,  and  the  beaking  strain,  if  gradually 
applied,  is  increased,  but  it  is  more  likely  to  snap  suddenly. 
It  is  softened  and  its  breaking  strain  reduce«l  if  heato<l 
and  allowed  to  cool  gradually.  Iron  if  brought  to  a  white 
heat  is  injured  if  it  be  not  at  the  aanie  time  hammervd 
or  rolled.    Case-hardening  bolts  weakens  them. 

Hardening  and  Tempering  SteeL  To  one  gallon  of  cioni- 
mon  fish  or  whale  oil,  take  one  pound  ^ch  of  beeswax  and 
resin.  Put  into  a  kettle  and  heat  till  it  comes  to  a  boiling 
point,  stirring  it  once  in  a  while.  When  thoroughly  mixo<l 
it  is  ready  for  use. 

To  harden  in  this  solution,  heat  the  steel  till  the  Roalo 
rises  a  little,  then  immerse  in  the  oil.  When  cool,  heat 
over  a  clean  fire  till  cherry  red  in  the  dark. 

The  foregoing,  with  a  little  practice,  is  recommended  as 
one  of  the  best,  if  not  the  best,  compositions  for  hardening 
steel  tools  for  use  in  cutting  iron  or  wood,  or  even  steel. 
Care  must  be  taken  as  to  the  amount  of  resin  in  the  oil, 
as  resin  hardens  the  steel,  whereas  beeswax  and  tallow 
toughen  it.  If  a  person  prefer  to  temper  in  daylight,  clean 
the  steel  or  tool,  polish  it,  and  draw  to  a  deep  straw  color, 
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if  lor  cutting  iron  or  steel,  lUid  jmriile  if  tor  wood  cuttinf 
toob. 

To  Prevent  Blow-Holes  in  Steel.  'I'o  prerent  blow-lwlM 
in  cast  steel,  mhl  to  fliiiil  steel  an  allo.y  of  aluuiiaiim  with 
a  metal  o£  the  alkali  earth  group,  or  with  lithiiua,  Alt- 
mi  iium  alone  does  not  aet  upon  tlie  nittx)ieu  and  livtlrf^ 
in  tlie  fluiil  metal.  The  tiielnis  of  the  iilkiilinc  rnrtlis  *ai 
lithium  possess  that  property,  hut  they  are  too  dear  fiir 
eommercinl  use  alone.  An  iilloy  ol'  aliimtniitn  nnti  cnli'iiiii 
|i;iveB  the  effeet  of  each  etenieuti  so  that  the  ourbuu  mvn- 
oxide  and  also  the  nitrogen   and  h_ydroi;en  can  he  renmvwl. 

Notes  on  Steel,  hi  annealin^^  eold  rolled  steel,  ga»  in 
turned  into  the  nnneulins;  btixes  ul'ler  they  are  rwnu"^ 
from  the  funnief.  The  hiiniiii*;  of  the  (fas  uses  up  any  (ur 
that  mi^hl  t'lmie  in  eontaet  with  the  steel  while  ramling. 
Hy  this  melhtir]  the  strel  comes  out  of  the  boxes  in  bright 
eonilithiu. 

Where  a  defeel  oeeurs  in  a  finisheil  artide  made  of  s(wl. 
nnd    nlvvuys    in    llie   siime    place,    tlie   ."^teel    is    not    nt   tiiiil'; 
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ly  in   the  bar  while  hot,  or  better,  should  be  cat  en- 
tty   through.     Cracks   and   slivers   are  liable   to   be   pro- 
duced it'  uicked  but  slightly. 

Case- Hardening  Wionght  Iron.  It  may  not  be  generally 
known  tkat  the  case-hardenitij;  of  iron  parts  mejins  the 
partial  conversion  of  the  outer  surface  into  steel.  The 
most  common  method  of  ens  e-h  arc!  en  in*  is  to  jjlace  the 
pieces  in  an  iron  case  in  company  with  either  bone-ash, 
leather  or  horn  cuttings.  The  lii^h  quality  and  depth  of 
the  sleel  case  amply  repay  for  the  extra  initial  cost,  taking 
care  that  no  two  pieces  are  in  contact,  and  carefully  luting 
all  the  joints  between  the  lid  and  sides  with  lireclay  or 
loam,  to  exclude  the  air,  and  heatin;;  to  redness  in  a  fur- 
nace for  a  time  varying  with  (he  number  and  size  of  the 
pieces. 

Bone-ash  is  the  cheapest,  as  it  can  be  used  over  and 
over  again  by  addinf;  new  bone  to  the  mass  and  mixing 
thoroughly  each  time  the  box  ia  charged. 

Tempering    Tool   Steel.      The    following    table   gives   the 
temperature  in  dcKrees  Fahrenheit  necessary  to  produce  the 
required   color,   when    tempering  hardened  steel. 
Lathe,  Shaper  and  Pinner  tools: 

430"     Very   light  straw   color, 
450"     Light  straw  color. 
Taps,  Dies  and  Wood  turning  tools: 
470°     Dark  straw  color. 
490°     Very  dark  straw  color. 
Hatchets,  Chisels,   etc : 

500°     Brownish  yellow, 
520°    Yellow   tinged  with  parple. 
Light  purple. 


530° 
Springs,  etc.: 
550° 
570" 


Dark   purple. 

P570''     Dark    blue. 
Proportional  parts  of  Lead  to  1  pound  of  pure  Block  Tin, 
which   when  melted   will   have   the   temperature  in   degrees 
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Inheit,    nei^essarv    to    produce    the    required    color  n 
|iicd  steel,  by  simple  immerBion. 

_  Pnund*  nf 
L*a^  to 
iilor.  Temperature.      on«  of  Tul 

light  straw  color 430°  15^  to  1 

straw    eolor    450°  2Vitol 

straw  color .470°  2%  lo  t 

(lark  straw   color 490°  3>,4  to  1 

ijsh    yellow 500=  4%ie\ 

purple    530°  71,-2  to  1 

purple 550"  12      to  1 

blue 570<»  25     to  1 
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Gas  is  not  the  cheapest  fnel,  but  no  other  kind  of  fuel 
an  be  nsed  to  such  advanta^  in  manufacturing  processes 
rhich  require  precision  in  the  nse  of  heat.  This  statement 
B  confirmed  by  an  experience  of  over  twenty  years  in  the 
itilization  of  gas  in  mechanical  heating  processes. 

The  appliances  illustrated  herewith  form  part  of  a  fuel 
fas  sjrstem,  which  owes  its  inception  to  a  crucible  furnace 
>riginally  made  in  France,  on  the  principle  of  the  Bunsen 
Burner,  depending  for  induction  of  the  air  required  for 
iombustion  upon  the  pressure  of  the  ga.s  supply  aided  by 
latoral  draft.  This  furnace  proved  wasteful  of  gas  and 
■oo  slow  in  operation,  to  be  profitable  for  manufacturing 
>nrposes. 

Efforts  to  improve  upon  this  furnace  suggested  that  tho 
'espective  functions  of  gas  and  air  be  reversed,  and  in  the 
ystem  devised  a  positive  air  blast  inducts  the  gas,  which 
8  injected  into  the  combustion  chamber  as  a  properly  pro- 
portioned mixture  of  both  under  controllable  positive  pren- 
Hre. 

The  success  attending  the  introduction  of  crucible  fur- 
laces  embodying  this  principle  has  resulted  in  its  appli- 
cation to  a  great  variety  of  heating  devices,  whose  size  wns 
iniited  by  the  cost  of  gas. 

Gas  furnaces  fulfill  their  purpose  if  they  contribute  mate- 
rially towards  the  excellencn  and  uniformity  of  the  product 
*nd  lessen  its  total  cost.  The  single  item  of  fuel  cost  may 
1)«  increased  or  diminished  by  the  use  of  gas,  but  this  is 
cf  secondary  importance  in  considering  their  introduction. 
An  increased  fuel  account  is  amply  compensated  for,  and 
its  decrease  merelv  an  incidental  advantage. 
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The  fuel  nearest  perfection  is  gas,  and  of  all  fuel  jtsM 
naphtha  ^as  has  been  found  the  best  and  also  the  dieapot, 
when  measured  by  net  results. 

Oil  Tempering  Furnace.  For  small  work  a  wire  bsskel  i» 
used  in  the  tempering  furnace  shovra  in  Fig.  418.  "Jid 
tarper  work  is  suspended  in  the  bath  in  any  conrenOTt 
way,     Tiie  temperature  being  under  control  of  the  g»s  «i)ii 


Pig.  418. 

air  valves,  the  bath  is  heated  until  the  thermometer  she** 
the  proper  heat.     When  (he  work  is  submerged  in  the  b*™ 
it  cools  down  and  the  work  remains  there  until  the  W"  I 
perature  rises  again   to  the  proper  degree  for  the  teOI*' 
wanted,  and  is  then  removed. 

Bench  Forge,    The  furnnoe  shown  in  Fig.  419  is  a  h>! ' 
little  gas  forge,  to  be  placed  on   tlie  work  bench,  for  fi 
ing  and  tempering  small  tools,  he:iting  the  ends  of  nidi 
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lieces  of  m^tal  of  any  kiad.  The  heating  sp^ce  or 
ier  is  one  ami  one-lialf  inches  widi?  iind  luKh,  ant] 
ioehes  deep,  heated  evenly  tlirougbotit  by  two  side 
rs  whose  focus  is  tbe  center  of  tiae  slut.     Work  can 


rig,  419. 


Bed  over  the  slot  and  heated  from  below,  or  the  slot 
covered  by  a  .slab  .shown  in  the  eut,  and  the  heat 
(d  to  tbe  chajnber  and  raised  to  a  very  high  degree 
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Twist  Drill  Hardening  rnmnce.  A  furnace  for  the  propt^ 
hardt^iiiu;,'  anil  teiiiiK'iing  of  twist  drills  and  reamers  B 
shown   in  Fig.  420. 


Fis.   420. 

Tool  Boom  Forge.  Fi<;.  421  shows  a  tool  room  forse  '"' 
the  temiieriiif:  of  fiittiiiir  tools. 

Positive  Pressure  Blower.  A  positive  pressure  blower  W 
use  in  ponncffiori  wIlli  (he  gas  healing  foniare  is  shova  if 
Figs.  422  and  423. 
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Bo  a  meehanip,  not  a  mac'iiDe.  Stay  at  home  eveninps 
and  study  natural  pliilosophy,  ehemistry,  mathematics, 
drawing,  etc.  Fit  yourself  for  a  high  position.  Save  your 
money  and  go  to  a  Icehnical  sehool.  Choose  one  branch  of 
meetianical  art  and  study  it  and  learn  all  you  ean  ahout  it. 
You  will  find  little  trouhle  in  getting  a  pood  paying  joh. 

Remember  that  water  never  rises  higher  than  its  head, 
or  its  fountaio,  neither  can  yon  rise  higher  than  yovir  aim 
or  amhition  in  life. 

Every  meehnnic  should  thoroug-hly  understand  natural 
philosophy.  It  is  as  necessary  in  every  day  life  as  a 
knowledge  of  arithmetic.  No  matter  what  trade  you  may 
choose  you  will  find  it  a  great  help  to  yoo.  Many  things 
that  it  would  be  impossible  to  eomprehend  without  it,  will 
he  readily  understood  with  it. 

Learn  a  trade,  study  it  and  learn  it  thoroughly.  Learn 
to  mind  your  own  business  and  let  other  people's  business 
alone. 

The  Almighty  has  little  use  for  a  lazy  man  or  woman 
in  this  world,  and  not  likely  any  use  for  them  in  the  next. 

Never  say  you  Can 't  because  you  have  nobody  to  help 
you,     God  helps  those  that  help  themselves. 

Are  you  willing  to  say  you  cannot  do  what  is  being  done 
by  others?  Are  you  willing  that  others  should  outrun  you 
in  the  great  race  of  life?  Are  you  wilting  to  be  left  far 
behind,  to  he  the  fag-end  of  humanity  t  To  leave  this  world 
unknown,  uncared  for,  forgotten  t  Are  you  witling  to  die 
and  to  leave  no  void,  to  have  it  said  that  this  world  is  as 
well  off  without  you  as  with  youT 

Eoe  your  own  row.  Ask  no  favors,  learn  to  rely  upon 
yourself.  Learn  to  fight  your  own  battles,  and  to  fight 
Ihem  manfully. 

God  has  placed  the  whole  world  before  you  and  told  yoa 
to  subdue  or  conquer  it.     He  has  given  you  life,  health| 
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strengtli,  and  vi^or  of  youth.  He  has  done  all  that  is  pos- 
sible for  Him  to  do  for  you,  and  now  it  is  your  fault  if 
you  do  not  get  your  share  of  this  world. 

Fit  up  a  nice  place  in  your  house  for  your  boj'S.  Put  in 
a  work  bench  and  some  good  tools,  it  will  keep  theifl  at 
home,  besides  it  wili  learn  them  to  make  many  a  Land? 
thing  about  the  house.  It  is  the  best  investment  you  cu 
make  for  them. 

God  expects  yoii  to  climb  up  higher  than  your  father  and 
mother.  He  expects  you  to  take  their  good  qualities  and 
improve  on  them. 

How  to  Make  a  Qood  Weld.  For  a  good  weld  have  Iht 
tuyere  iron  fioui  four  to  eight  inches  under.  In  other  words, 
have  four  to  ei^^ht  inches  of  coal  on  the  tuyere  iron  d«- 
pending  upon  the  eharaeter  of  the  work  being  done.  Coke 
the  coal  and  beat  it  down  solidly  around  the  Are.  No* 
beat  the  iron  to  the  welding  point,  then  upset  and  scsrf, 
In   order  to  make   the  most  perfect  welds,   scarf  the  iron 
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■B  heat  as  possahk  viikoat  aT«ifc«atin|r  t)t<r 
atecL  After  proceeding  in  this  vav.  and  a>in$  borax  only 
for  a  lax,  if  it  is  not  soecessfnl  try  nuxinar  some  fitw  bor- 
ings with  the  botax  and  eoverin?  the  weld  with  this.  Borax 
aad  fne  sted  borings  from  a  drill  are  a  spteidid  compoand 
for  ated  wdding. 

Hov  to  MaaacB  »  Footdiy. 

If  a  foundry  foreman  desires  to  keep  his  shop  op  to  a 
high  state  of  efficiency,  he  will,  as  soon  as  he  receives  an 
order  for  eastings,  see  that  the  necessary  cores  are  at  once 
ordered  trom  the  eore  department.  Then  he  will  pn^^ni 
to  learn  if  he  has  a  suitable  flask  for  the  castin;;.  and  if  h«> 
has,  he  will  ascertain  if  any  repair  work  be  ne.ded  on  this, 
and,  if  so,  he  will  hare  this  done  before  the  flask  is  taVtMt 
to  the  molder's  floor.  All  repairing  of  flasks  shonid  lu> 
done  by  a  flask  man  instead  of  by  the  molder  and  his 
helper. 

In  order  that  the  molder  may  use  his  time  to  tlie  best 
advantage,  the  helper  should  see  that  he  not  only  has  his 
facing  sand,  gamers,  clamps,  handy,  but  he  shonid  also 
look  after  the  many  little  things  which  the  molder  some- 
times spends  his  high-priced  time  in  looking  up.  Even  in 
specialty  shops  molders  take  a  hand  in  barring  up  flasks. 
This  they  should  not  have  to  do  as  this  kind  of  labor  )m>- 
longs  to  the  flaskmaker  and  the  latter  will  do  a  better  job 
than  the  molder  every  time. 

In  a  great  many  foundries  the  men  depend  too  much 
upon  the  foreman  for  everything.  They  should  rementhor 
that  he  is  only  human,  and  has  not  the  time  to  attend  to 
every  little  detail.  It  has  always  seemed  strange,  too,  that 
the  place  where  castings  are  made  should  receive  so  littlo 
attention  from  the  owners  of  plants,  as  majority  of  whom 
seem  to  think  that  anything  can  be  made  to  do  for  this 
department.  Perhaps  nearly  every  practical  foreman  is 
familiar  with  shops  where  ordinary  equipment  is  so  scnrcc 
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that  tile  moliicrw  are  spending  a  great  part  of  their  tw 
loukiiif^  fof  tliiiisra  of  which  eaeh  sboultJ  have  a  plentiful 
supply.  The  successful  foundry  managcjr  of  to-day  mast 
iitU  uijly  hi^  a  practical  raolder,  but  also  experienced  in 
cupola  pt';i('lire.  nr  lie  is  not  fully  equipped  for  the  position- 
Cutting  Left-Hand  Threads  with  Right-Haud  Tools. 

TJii'  dii's  aw  iipeiifd  sufficiently  to  admit  a  right-hand 
tnj)  of  tiie  desired  lead,  and  the  rod  to  be  threaded.  The 
ni<l  is  hiickcd  up  by  a  piece  of  annealed  copper  into  whifl' 
llu-  Ihreiids  rn:iy  iinheii  tliemBelveH  without  injury.  The  dis 
(^hiiuid  he  iif  the  same  lend  as  the  tap,  which  permits  tlie 
lap  bi'ioLT  accuratidy  meshed  with  its  thread.  With  this 
ciuuhiiintion  it  is  cliiimed  that  a  fair  left-hand  thread  may 
he  ('111    witli   I  lie  (inliiiary  riifht-hand  eqiiipujent. 

Boring  an  Engine  Cylinder.  A  '10  or  ri-horsepowe"" 
.stationary  entritrf  cylinder  may  be  bor^d  on  &  24-iBch  isfi* 
t'vcu  if  la^t  iruii  liraekets  and  adjusting  screws  are  not 
hniiily.  (let    linir  l'iidiI    seasoned   oak   pieces,  long  enough  I* 
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Glue.  A  little  powdered  cbalk  added  to  common  glue 
makes  it  much  stronger,  A  glue  that  will  resist  the  action 
of  water  may  be  made  by  using  skimtned  milk  instead  of 
water. 

Drilling  Glass.  GIbrs  can  he  drillefl  with  a  common  drill 
vei-j'  readily,  by  using  a  mixture  of  turpeiiLiiie  and  camphor. 
When  the  point  of  the  drill  has  come  llirouffh,  it  shotild 
be  taken  out  and  the  hole  worked  throuirh  with  tlie  point 
of  a  three- cornered  file,  having  the  edges  ground  sharp. 
Use  the  corners  of  the  file,  and  scraping  the  glass,  rather 
than  using  the  fl!e  as  a  reamer.  Great  care  must  be  taken 
not  to  I'rack  the  jflass  or  flake  off  parts  of  it  in  finishing 
the  hole  after  the  point  of  the  drill  has  come  throu;ili.  Use 
the  mi.tture  freely  durini;  the  drilling  and  scraping.  The 
above  mixture  will  be  found  very  useful  in  drilling  hard 
cost  iron.  Tempered  steel  can  be  drilled  by  making  the 
drill  very  hard  and  using  this  mixture. 

Driiling  Malleable  Iron.  Use  kerosene  oil  to  drill,  ream  or 
turn  Malleable  Iron,  It  will  make  the  work  much 
smoother. 

Drilling  Hard  Steel.  Use  turpentine  instead  of  oil  when 
drilling  hard  steel,  saw  plate,  elc.  It  will  drill  readily 
when  you  conid  not  touch  it  with  oil. 

Drilling  Alnminuin.  Use  kerosene  oil  for  drilling  or 
turning   aluminum. 

Tinning  Surfaces.  Articles  of  brassi  or  copper  boiled  in 
a  solution  of  cyanide  of  potas.sium  mixed  with  turnings  or 
scraps  of  tin  in  a  few  momenta  become  covered  with  a 
flrmly  attached  layer  of  fine  tin. 

A  simih)!'  effect  is  produeed  by  boiling  the  articles  with 
tin  turnings  or  seraps  and  caustic  alkali,  or  cream  of  tar- 
tar. In  either  way,  articles  made  of  copper  or  brass  may 
be  easily  and  perfectly  tinned. 
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Sharpening  Files.  To  sharpen  dull  and  worn  out  files,  It; 
them  in  dilute  Sulphuric  Acid,  one  part  acid  to  two  parts 
of  water  over  night,  then  rinse  well  in  clear  water,  put  the 
acid  in  an  earthenware  vessel. 

Bust  Joint  Composition.  This  is  a  cement  made  of  sal- 
anmioniiic  1  pound,  sulphur  ^^  pound,  cast-iron  turnings 
100  pounds.  The  whole  should  be  thoroughly  mixed  and 
moistened  with  a  little  water.  If  the  joint  is  required  to 
set  veiy  quick,  add  1/4  pound  more  sal-ammoniae.  Care 
should  be  taken  not  to  use  too  much  sal-ammoniac,  or  the 
mixture  will  become  rotten. 

Soldering  Aluminum.  Small  surfaces  of  aluminum  can 
be  soldcicd  by  the  use  of  zinc  and  Venetian  turpentine. 
Place  Ihc  solder  upon  the  metal  together  with  the  turpen- 
tine and  heat  very  <;ently  with  a  blowpipe  until  the  solder 
is  entirely  melted.  The  trouble  with  this,  as  with  other 
solders,  is  that  it  will  not  flow  gently  on  the  metal.  There 
lore    lari;c   surfaces   cannot   be   easily   soldered. 


SHOP  KINKS  557 

strictly   avoided   as   they   would   fonn   colored   alloys   with 
the  aluminum  and  the  solder. 

Sweating  Aluinliinm  to  Other  Metals.  First  coat  the  aln- 
minum  surface  to  be  soldered  with  a  layer  of  zinc.  On  top 
of  the  zinc  is  melted  a  layer  of  an  alloy  of  one  part  alu- 
minum to  two  and  one-half  parts  of  zinc.  The  surfaces 
are  placed  together  and  heated  until  the  alloy  between  them 
is  liquefied. 

Aluminum  Solder.  This  consists  of  28  pounds  of  block 
tin,  three  and  one-half  pounds  of  lead,  seven  pounds  of 
spelter,  and  14  pounds  of  phosphor-tin.  The  phosphor-tin 
should  contain  10  per  cent  of  phosphorus.  Clean  off  all 
the  dirt  and  grease  from  the  surface  of  the  metal  with 
benzine,  apply  the  solder  with  a  copper  bitj  and  when  the 
molten  solder  covers  the  metal,  scratch  through  the  solder 
with  a  wire  scratch  brush. 

Annealing  Oast  Iron.  To  anneal  cast  iron,  heat  it  in  a 
slow  charcoal  fire  to  a  dull  red  heat;  then  cover  it  over 
about  two  inches  with  fine  charcoal,  then  cover  all  with 
ashes.  Let  it  lay  until  cold.  Hard  cast  iron  can  be  softened 
enough  in  this  way  to  be  filed  or  drilled.  This  process  will 
be  exceedingly  useful  to  iron  founders,  as  by  this  means 
there  will  be  a  great  saving  of  expense  in  making  new 
patterns. 

To  make  a  casting  of  precisely  the  same  size  of  a  broken 
casting  without  the  original  patterns:  Put  the  pieces  of 
broken  casting  together  and  mould  them,  and  cast  from 
this  mould.  Then  anneal  it  as  above  described;  it  will  ex- 
pand to  the  original  size  of  the  pattern,  and  there  remain 
in  that  expanded  state. 

Metal  Patterns.  All  metal  patterns  should  be  thoroughly 
cleaned  with  a  stiff  brush,  then  with  a  brush  having  a 
plenty  of  beeswax  in  it,  dip  this  brush  in  powdered  plum- 
tago.  Brush  the  pattern  well  with  the  above  and  it  will 
draw  much  better  and  you  will  have  a  much  smoother 
euting. 
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Babbit  Metal.  Put  ii  piece  of  Rosin,  the  size  of  a  wsliiat, 
into  Rabbit  metal,  stir  thorougrblj',  then  skim.  It  maid 
Babbit  metal  run  better,  and  impro%'es  it.  Babbit  mrtal 
will  run  in  places  with  the  rosiii  in,  where  without  it  it 
would  not.  It  is  also  claimed  tbat  rosin  will  prevent  Mo»» 
lag  wben  pouring  it  into  damp  boxes. 

Rust  on  Tools.  To  prevent  rust  on  tools  use  VaselinK,  t«| 
which  a  small  aawunt  of  powdered  gum  camphor  has  bwo 
added.     Heat  together  over  a  slow  fire. 

OrapMte,  Graphite  is  one  of  the  best  lubricants  kocnrn. 
It  largely  increases  the  lubricating  quality  of  any  oil  or 
grease. 

Lipoid  Glae.  Glue  will  keep  liquid  when  cold  if  iihoul 
one-sixth  pint  by  volume  of  acetic  acid  is  added  to  it.  This 
is   similar   to   Spalding's  Liquid   Glue. 

Pattern  Letters.  To  fasten  Pattern  Letters  on  a  metal 
pattern  use  beeswax.  Heat  the  pattern  snfBcient  to  melt 
the  wax,  then  place  the  letters  in  position  and  let  the  pst- 
tero  cool. 

To  fasten  letters  on  a  wood  pattern  use  sbellae  varni 

Monldisg  Thin  Pieces.     Many  times  in  an   irun   found 
there   are    moulds   to   pour   that  have   i^mail    projections 
very    thin   plaees.     All   such   places  should  be   vented  with.* 
a   fine    wire    tbrough    the   cope.     In    pouring   such    motili 
throw  about  1  ounce  of  lead  in  a  ladle  to  about  50  pouoi 
of  iron. 

Testing  Solder,     Good  solder  is  much  easier  bou;<ht  than 
made,  but  if  some  distance   from   a   base  of  supplies,  bu«H 
block  tin  and  eut  it  up  into  1-pound  pieces,  weigh  it  ani^' 
put  in  an  equal  weight  of  lead.     Melt  in  a  ladle,  stir  it  and 
nm  it  off  into  a  mold  to  cool.     Tn  test  solder  and  find  out, 
whether  it  is  of  good  quality,  hold  it  up  near  the  ear  atii 
bend   it.     If  it  cringes  or  makes   a   crackling  noise,  it 
good,  and  if  not,  it  is  poor— to  much  lead  and  not  enoni 
tin  in  it, 
Tinning  Cast  Iron.    To  successfully  coat  castings  with  tin 
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they  must  be  absolutely  clean  and  free  from  sand  and 
«xide.  They  are  usually  freed  from  imbedded  sniid  in  a 
rattler  or  tumbling  bos,  which  also  tends  to  close  the  sur- 
face grain  and  g-ive  the  artiele  a  smooth  metallic  face. 
Tlie  articles  should  be  then  placed  in  a  hot  pickie  of  one 
part  of  sulphuric  acid  to  four  parts  of  water,  in  which  they 
are  allowed  to  remain  from  one  to  two  hours,  or  until  the 
recesses  are  free  from  scale  and  sand.  Spots  may  be  re- 
moved by  a  scraper  or  wire  brush.  The  eastings  are  then 
washed  in  hot  water  and  kept  in  clean  hot  water  until 
ready  to  dip.  For  a  flux,  dip  in  a  mixture  composed  of 
l^onr  parts  of  a  saturated  solution  of  sal  ammoniac  in 
water  and  one  part  of  hydrochlnric  acid,  hot.  Then  drj' 
tbe  castings  and  dip  them  in  the  tin  pot.  The  tin  should 
be  hot  enough  to  quickly  bring  the  casting^fs  to  its  own  tem- 
perature when  perfectly  fluid,  but  not  hot  enough  to 
qaickly  oxidize  the  surface  of  the  tin.  A  sprinkling  of 
pulverized  sal  ammoniac  may  be  made  on  the  surface  of 
he  tin,  or  a  little  tallow  of  palm  oil  may  be  used  to  clear 
the  surface  and  make  the  tinned  work  eome  out  clear.  As 
soon  as  the  tin  oit  tlic  castiup^  has  chilled  or  set,  they 
ahould  be  washed  in  hot  sal  soda  water  and  dried  in  saw- 
dust. 

Allojrs  for  Metal  Patterns.  An  alloy  suitable  for  small 
metal  patterns  is  cumposed  of  tin  one  part  and  lead  one 
part  bj'  weight.  The  result  is  a  somewhat  soft  alloy  which 
requires  care  in  the  handling  of  the  patterns.  Some  harder 
mixtures  are  as  follows: 


Lead. 

AntiiQony. 

Tin. 

55 

30 

15 

55 

22.7 

22.3 

61.3 

18.5 

20,7 

A  white  metal  that  has  small  shrinkaj?e  and  is  good  for 
ern  plates   is   lead  90,   antimony   10.     A   harder  metal 
small  shrinkage  and  very  good  for  pattern-plates  is 
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eine  6fi  per  cent,  tin  34  p«r  cent.  An  amalgam,  very  cos- 
veoient  for  stopping  up  holes  that  canoot  l>e  scldrnsd 
easily,  is  made  of  the  fillings  of  the  above  allo.v.  and  nwr- 
cury  kneaded  in  the  hand  into  stiff  dough,  sqneering  out 
all  the  mercury  possible.  This  amalgam  should  be  tiirswl, 
when  first  made,  into  the  cavity  and  allowed  to  btrdrB. 
When  hard  it  may  be  scraped  or  filed  like  the  metal  itselL 

Etching  on  Iron  or  Steel.  Take  one-half  ounce  of  nitiie 
acid  aud  one  ounce  of  muriatic  acid.  Mis,  shake  well  to- 
gether, and  it  is  ready  for  use.  Cover  the  place  you  wi^ 
to  mark  with  melted  beeswax,  when  cold  write  the  inserip- 
tion  plainly  in  the  wax  clear  to  the  metal  with  a  gh»rp 
instrument,  then  apply  the  mixed  acids  with  a  feather, 
carefully  filling  each  letter.  Let  it  remain  from  on*  W 
ten  minutes,  according  to  the  appearance  desired.  Th«i 
throw  on  water,  which  stops  the  etching  process  and  n- 
moves  the  wax. 

Soldering  Solution.  An  excellent  method  of  preparing 
resin  for  soldering  bright  tin  is  given  as  follows:  Take  one 
and  one-half  pounds  of  olive  oil  and  one  and  one-half 
pounds  of  tallow  and  12  ounces  of  pulverized  resin.  Mil 
these  ingredients  and  let  them  boil  up.  Wlien  this  mix- 
ture has  become  coul,  add  one  and  three-eighths  pint*  of 
water  saturated  with  pulverized  sal  ammoniac,  sttrriag 
constantly. 

Softening  Cast  Iron.  To  soften  iron  for  drilling,  host 
to  a  cherry-red,  having  it  lie  level  in  the  fire.  Then  with 
tongs,  put  on  a  piece  of  brimstone,  a  little  less  in  siae  than 
the  hole  is  to  be.  This  softens  the  iron  entirely  thromth. 
Let  it  lie  in  the  fire  until  cooled,  when  it  is  ready  to  drill. 

Snggestions  how  to  Solder,  Clean  the  parts  thoroughly 
from  all  rust,  grease  or  scale,  then  wet  with  prepared  »nd. 
Hold  the  soldering  copper  on  each  part  until  the  article  ii 
well  tinned  and  the  solder  has  flowed  to  all  parts. 

Watch-Uakers'  Oil  that  Will  Never  Corrode  or  Thicken. 
Take  a  bottle^j^HliJV^  ^''"  '^^  S*^d  oUve  oil  and  put  in 
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thin  strips  of  sheet  lead,  expose  it  to  the  sun  for  a  month, 
then  pour  off  the  clear  oil.  The  above  is  a  very  cheap  way 
of  making  a  first-class  oil  for  any  light  machinery. 

Varnish  for  Copper.  To  protect  copper  from  oxidation 
a  varnish  may  be  employed  which  is  composed  of  carbon 
disulphide  1  part,  benzine  1  part,  turpentine  oil  1  part, 
methyl  alcohol  2  parts  and  hard  copal  1  part.  It  is  well 
to  apply  several  coats  of  it  to  the  copper. 

Olne  for  Iron.  Put  an  equal  amount  by  weight  of  finely 
powdered  rosin  in  glue  and  it  will  adhere  firmly  to  iron 
or  other  metal  surfaces. 

Soldering  or  Tinning  Acid.  Muriatic  Acid  1  pound,  put 
into  it  all  the  zinc  it  will  dissolve  and  1  ounce  of  Sal 
Ammoniac;  add  as  much  clear  water  as  yoa  have  acid,  it  is 
then  ready  for  use. 

Plaster  of  PariB.  Common  plaster  that  farmers  use  to 
pat  on  land  and  plaster  of  paris  are  the  same  thing,  except 
plaster  of  paris  is  common  plaster  calcined.  Many  times 
it  is  difficult  to  get  calcined  plaster,  and  when  it  is  pro- 
cured it  is  badly  adulterated  with  lime  and  unfit  for  many 
uses.  To  calcine  plaster,  or  in  other  words,  to  make  com- 
mon plaster  so  it  will  harden,  you  have  but  to  take  the 
plaster  and  put  it  in  an  iron  kettle  and  place  it  over  a 
slow  fire,  put  no  water  in  it.  In  a  few  moments  it  will  be- 
gin to  boil  and  will  continue  to  do  so  until  every  particle 
of  moisture  is  evaporated  out  of  it.  When  it  has  stopped 
boiling  take  it  off,  and  when  cold  it  is  ready  for  use. 
Plaster  treated  in  this  way  will  harden  much  quicker  and 
harder  than  any  which  can  be  bought  ready  prepared. 

Hardening  Small  Articles.  To  harden  small  tools  or  ar- 
ticles that  are  likely  to  warp  in  hardening,  heat  very  care- 
fully, and  insert  in  a  raw  potato,  then  draw  the  temper  as 
usual. 

Bluing  Brass.  Dissolve  one  ounce  of  antimony  chloride 
in  twenty  ounces  of  water  and  add  three  ounces  of  pure 
hydrochloric  acid.    Place  the  warmed  brass  article  into  this 
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solution   until  it  has  turned  blue.     Then  wash  it  and  irj 
ill    sawdust. 

Drilling  Glass.  Take  an  old  three-cornered  file,  one  that 
is  worn  out  will  do,  break  it  off  and  sharpen  to  a  point 
like  a  drill  and  plaee  in  a  carpenter's  brace.  Have  the 
frlass  fastened  on  a  -rood  solid  table  so  there  will  be  no 
ilanjj-er  of  its  breaking.  Wet  the  glass  at  the  point  where 
tile  hole  is  to  be  made  with  the  following  solution: 

Ammonia     6Vi  drachms 

Ether      3*4  drachms 

Turpentine      1      ounce 

Keep  the  drill  wet  with  the  above  solution  and  bore  the 
hole  part   way  froni  each  side  of  the  glass. 

Another  solution  is  to  dissolve  a  piece  of  gum  camphor 
file  size  of  a   walnut  in  one  ounce  of  tnrpentine. 

Another  nietliod  is  to  use  a  steel  drill  hardened,  but  not 
drawn.  Saturate  spirits  of  turpentine  with  camphor  and 
wet  the  drill.  Tiie  <lrill  should  be  ground  with  a  long  point 
and   i)lenty   of   clearance.     Run   the   drill   fast   and  with  « 
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Stamping  Names  on  Tools.  No  name  stamp  or  steel  let- 
ters and  fig^ures'can  be  made  that  will  stand  to  stamp  saw 
blades  or  steel  tools.  They  will  stamp  all  soft  metals,  such 
as  brass,  copper,  soft  cast  or  wrought  iron,  or  annealed 
cast  steel. 
Never  stamp  a  name  on  a  steel  rule,  square  or  any  fine 
>  tool  as  it  will  throw  it  out  of  true.  To  mark  such  tools 
use  etching  acid. 

How  to  Anneal  Brass  or  Copper.  In  working  brass  and 
copper,  it  will  become  hard,  and  if  hammered  to  any  great 
extent  will  split.  To  prevent  cracking  or  splitting,  the 
piece  must  be  heated  to  a  dull  red  heat  and  plunged  into 
cold  water;  this  will  soften  it  so  it  can  be  worked  easily. 
Be  careful  not  to  heat  brass  too  hot,  or  it  will  fall  to 
pieces.  The  piece  must  be  annealed  frequently  during  the 
process  of  hammering. 

The  Relative  Weight  of  Different  Metals.  The  weight  of 
■wrought  iron  being  1,  cast  iron  will  be  0.95,  steel  1.02,  cop- 
per 1.16,  brass  1.09  and  lead  1.48. 

To  Find  the  Diameter  of  a  Driving  Pulley.  Multiply  the 
diameter  of  the  driven  by  the  number  of  its  revolutions 
and  divide  the  product  by  the  number  of  revolutions  of 
the  driver.  The  quotient  will  be  the  diameter  of  the  driver. 
To  Find  the  Diameter  of  a  Driven  Pulley.  Multiply  the 
diameter  of  the  driver  by  the  number  of  its  revolutions 
and  divide  the  product  by  the  number  of  revolutions  of  the 
driven.     The  quotient  will  be  the  diameter  of  the  driven. 

To  Find  the  Speed  of  a  Driven  Pulley.  Multiply  the 
diameter  of  the  driver  by  the  number  of  its  revolutions 
and  divide  by  the  diameter  of  driven.  The  quotient  will 
be  the  number  of  revolutions  of  the  driven. 

Protecting  Bright  Work  from  Knst.  Use  a  mixture  of 
one  pound  of  lard,  one  ounce  of  gum  camphor,  melted  to- 
gether, with  a  little  lamp-black.  A  mixture  of  lard  oil 
and  kerosene  in  equal  parts.  A  mixture  of  tallow  and 
white  lead,  or  of  tallow  and  lime. 
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BemoTing  Scale  from  Iroa  Castings.     Immerse  lliv  pirt« 

iu  a  mixture  coiufwsed  of  one  part  of  oil  of  vitriol  In  Jlirtr 
parts  of  water.  In  six  to  ten  hours  remove  Uic  castinsf, 
and  wash  lliem  thoroughly  with  clean  water.  A  w*»ker 
solution  fan  be  used  by  allowing  a  longer  time  for  th« 
action  of  the  soluliou. 

How  to  Braze.  Clean  the  article  thoroaghly,  and  b«tt«r 
to  polisli  with  sand  paper.  Fasten  the  parts  to  be  brau-d 
firmly  togeijier,  so  they  will  not  part  when  heated  in  tiw 
fire.  Place  over  a  slow  fire  of  charcoal  or  well  coked  cnil. 
place  on  the  parts  to  be  brazed  a  small  quantity  of  pul- 
verized borax;  as  soon  as  thia  is  doQe  boiling  and  has 
flowed  to  all  parts,  then  put  on  the  spelter;  whei>  tie 
spelter  melts  it  will  generally  run  io  globules  or  shot.  Jar 
the  piece  by  gently  striking  with  a  small  piece  of  wire; 
this  will  cnuso  tlio  spelter  to  flow  to  all  parts. 

Lead  Explosions,  Many  mechanics  hare  had  Ibeir 
patience  sorely  tried  when  pouring  lead  around  a  damp  ot 
wet  joint,  to  have  it  explode,  blow  out  or  scatter  from  the 
effects  of  stenra  generated  by  the  heat  of  the  lead.  The 
whole  trouble  may  be  avoided  by  putting  a  piece  of  resin, 
the  size  of  a  man 's  thumb,  into  the  ladle  and  allowing  it  to 
melt  before  pouring. 

Metal  that  Expands  in  Cooling.  A  metal  that  will  ex- 
pand in  cooling  is  made  of  9  parts  lead,  2  parts  antimony 
and  1  part  bismuth.  This  metal  is  valuable  for  filling 
holes  ill  castings. 

Fastening  Leather  to  Iron.    A  good  way  to  glue  leather  to 

ittni  is  to  paint  the  iron  with  a  mixture  of  white  lead 
and  tamp  black  dissolved  in  oil.  Then  cover  with  a  cement 
tuitdi'  of  the  best  glue  soaked  in  water  until  soft,  and  theu 
<ttMndvod  in  vinegar,  This  is  thoroughly  mixed  with  one- 
iMttl  of  its  bulk  of  white  pine  tiirjieniine,  and  thinned 
vilh  vinegar  until  it  can  be  spread  with  a  brush.  It 
«4r>Hkld  be  applied  to  the  iron  while  it  is  hot  and  the  leather 
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put  on  and  qnickly  pressed  into  place.  It  most  be  held 
tight  by  a  clamp  while  drying. 

Cleaning  Chased  Brass.  Chased  brass  of  any  kind,  may 
be  cleaned  as  follows:  Wash  well  with  hot  water  and  soap 
and  dry  thoroughly,  then  rub  all  over  with  a  lemon  cut  in 
half.  When  it  looks  quite  clean,  rinse  well  in  warm  water, 
dry  and  polish  with  a  chamois  leather.  Chased  work  of 
any  kind  should  not  be  cleaned  with  powder. 

Cleaning  Brass  Castings.  If  greasy,  the  castings  should 
be  cleaned  by  boiling  in  lye  or  potash.  The  first  pickle  is 
composed  of  nitric  acid  one  quart,  water  six  to  eight  quarts. 
After  pickling  in  this  mixture  the  castings  should  be 
washed  in  clear  warm  or  hot  water,  and  the  following 
pickle  be  then  used:  Sulphuric  acid  one  quart,  nitric  acid 
two  quarts,  muriatic  acid,  a  few  drops.  The  first  pickle 
will  remove  the  discolorations  due  to  iron,  if  present.  The 
muriatic  acid  of  the  second  pickle  will  darken  the  color 
of  the  castings  to  an  extent  depending  on  the  amount  used. 

Preventing  Bust  on  Machinery.  A  good  mixture  for  use 
as  a  slush  to  prevent  the  rusting  of  machinery  is  made  by 
dissolving  1  ounce  of  camphor  in  1  pound  of  melted  lard, 
skim  off  the  impurities  and  add  enough  black  lead  to  give 
the  mixture  an  iron  color.  After  cleaning  the  machinery 
carefully,  smear  on  the  mixture.  It  can  be  left  indefinitely, 
or  if  wiped  off  after  24  hours  will  prevent  rust  for  some 
time.  When  removed,  the  metal  should  be  polished  with  a 
soft  cloth. 

Hard  Cement.  Hard  cement  is  made  with  16  ounces  of 
fine  cast  iron  turnings  and  1  ounce  of  Sal-Ammoniac,  wet 
with  water  to  the  consistency  required. 

Leaky  Boiler  Fines.  Boilers  frequently  leak  along  a  seam 
or  about  a  flue.  This  can  generally  be  stopped  by  putting 
a  pint  of  corn  meal  in  the  boiler. 

Laying  out  Work.  In  laying  out  work  on  planed  surfaces 
of  steel  or  iron,  use  blue  vitriol  and  water  on  the  surface. 
This  will  copper-plate  the  surface  nicely,  so  that  all  lines 
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until  mixed.    Ponr  out  on  tin  until  cold.    Melt  and  use 
with  a  brush  at  water-bath  heat. 

Or  take  a  handful  of  quicklime  and  four  ounces  of  lin- 
seed oil.  Boil,  and  i>our  out  on  a  plate  until  hard.  Melt 
and  use. 

Or  take  one  pound  of  common  glue— not  fish  glue— in 
two  quarts  of  skim  milk.    Soak  and  boil. 

Tempering  Ohisels.  To  3  gallons  water  add  3  ounces 
spirits  nitre,  3  ounces  white  vitriol,  3  ounces  sal  ammo- 
niac, 3  ounces  alum,  6  ounces  salt  with  a  double  handful 
of  hoof  parings.  Heat  the  tool  to  a  cherry  red.  This  has 
put  new  life  in  steel  that  has  apparently  been  burned,  and 
is  used  to  temper  chisels  for  cutting  mill  stones. 

Soldering  Fluid.  Take  of  scrap  zinc  or  pure  spelter 
about  y^  pound,  and  immerse  in  a  half-pint  of  muriatic 
acid.  If  the  scraps  completely  dissolve  add  more  until 
the  acid  ceases  to  bubble  and  a  small  piece  of  metal  re- 
mains. Let  this  stand  for  a  day  and  then  carefully  pour 
off  the  clear  liquid,  or  filter  it  'through  a  cone  of  blotting 
paper.  Add  a  teaspoonful  of  sal-ammoniac,  and  when 
thoroughly  dissolved,  the  solution  is  ready  for  use.  De- 
pending on  the  materials  to  be  soldered,  the  quantity  of 
sal-ammoniac  can  be  reduced.  Its  presence  makes  solder- 
ing very  easy,  but,  unless  the  parts  are  well  heated  so  as 
to  evaporate  the  salt,  the  joints  may  rust. 

Soldering  Alumininin.  When  soldering  aluminium,  it 
should  be  borne  in  mind  that  upon  exposure  to  the  air  a 
slight  film  of  oxide  forms  over  the  surface  of  the  alumin- 
ium, and  afterwards  protects  the  metal.  The  oxide  is  the 
same  color  as  the  metal,  so  that  it  cannot  easily  be  distin- 
^ished.  The  idea  in  soldering  is  to  get  underneath  this 
oxide  while  the  surface  is  covered  with  the  molten  solder. 
Clean  off  all  dirt  and  grease  from  the  surface  of  the  metal 
with  a  little  benzine,  apply  the  solder  with  a  copper  bit, 
and  when  the  molten  solder  is  covering  the  surface  of  the 
metal,  scratch  through  the  solder  with  a  steel  wire  scratch- 
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oil  is  by  far  the  cheapest.  Among  the  best  oils  for  sew- 
ing machines  or  other  light  machinery  is  sperm  (whale) 
oil  to  which  add  one-tenth  part  kerosene  oil. 

Horse  Power  of  Belting.  '  One  hundred  square  feet  of 
belting  running  over  a  pulley  per  minute,  will  give  one 
horse  power;  example— a  2-inch  belt  running  over  a  pulley 
24  inches  in  diameter,  running  100  revolutions  per  min- 
ute, will  practically  transmit  one  horse  power 

Maldng  FijK  Joints.  Never  screw  pipe  tc^ther  for 
either  steam,  water  or  gas  without  putting  white  or  red 
lead  on  the  joints. 

'  Many  times  in  taking  pipe  apart  the  jomts  are  stuck  so 
hard  that  it  is  impossible  to  unscrew  the  pipe;  heat  the 
coupling  (not  the  pipe)  by  holding  a  hot  iron  on  it,  or  ham- 
mer the  coupling  with  a  light  hammer,  either  one  will  ex- 
pand the  coupling  and  break  the  joint  so  it  can  be  easily 
unscrewed. 

Cored  or  Bough  Holes,  xiever  use  a  Tap  in  a  cored  or 
rough  hole.  Always  run  a  heavy  flat  drill  through  the 
hole  to  take  out  the  scale,  sand,  or  projections. 

Cutting  Threads  with  a  Die.  Always  use  good  lard  oil 
in  cutting  threads  with  a  die.  Many  times  a  die  is  ruined 
the  first  time  it  is  used,  because  there  is  no  oil  put  on  the 
work.     Use  plenty  of  oil. 

Improper  Use  of  Taps.  Never  use  a  tap  in  any  metal, 
especially  cast  iron,  without  using  plenty  of  good  oil. 
Many  taps  are  ruined  the  first  time  they  are  used  by  lack 
of  oil.  The  tap  will  gauld  in  any  metal  and  tear  the 
threads  off  unless  well  oiled. 

Turning  or  Drilling  Solutions.  Strong  sal  soda  water 
or  soapy  water  is  much  better  than  clean  water  to  use 
where  water  cuts  are  being  taken,  either  on  lathe  or 
planer. 

Proper  Way  to  Use  a  Monkey  Wrench.  Never  pull  a 
monkey  wrench  backwards  or  from  the  jaws.     Always  pull 
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Cutting  Speeda.     Assuming  36  feet  as  the  proper  cutting 

speed  in  feet  per  minute  for  east  iron,  which  equals  about 

140  revolutions  per  minute  for  one  inch  in  diameter  to  be 

turned,  divide  the  number  140  by  the  outside  diameter  of 

the  work,  which  gives  the  proper  number  of  revolutions, 

140 
Example ;    Diameter  ol  work  ia  5  inches,  then  ~=-  =  28 

Q 

revolutions.  ' 

The  following  table  pves  the  constants  for  different  cut- 
ting speeds: 

Cutting  Speed  • 

in  Feet.     Constant. 


36 

140 

Cast  iron. 

31 

120 

Malleable  iron. 

26 

100 

Steel. 

21 

80 

Steel. 

16 

60 

Steel. 

13 

50 

Hardened  steel  and  chilled  cast  iron 

KemoTing  Bust  fiom  Iron.  Iron  mny  be  quickly  and 
easily  cleaned  by  dipping  in  or  washing  with  nitric  acid 
one  part,  muriatic  acid  one  part  and  water  twelve  parts. 
After  using  wash   with  clean  water. 

Cement  for  Faatening  Paper  or  Leather  to  Iron.  One 
pound  of  the  best  flour,  Yi  pound  of  the  best  glue,  Vj 
pound  of  gratiulated  sug:nr,  1/2  ounce  of  powdered  borax, 
Y2  ounce  of  sal-ammoniac,  14  ounce  of  alum.  Soak  the 
glue  in  three  pints  of  water  for  12  hours.  Mix  the  flour 
in  one  quart  of  water,  mix  all  together,  and  boil  over  a 
slow  (ire,  or  eook  with  a  steam  jet.  When  cool  it  is  ready 
for  use.  The  face  of  the  pulley  or  *urfaee  where  the 
leather  is  to  be  applied  must  be  thoroughly  clean  and  free 
from  grease. 

Scratch  Awl  for  Fine  Work.  A  common  sewing  needle 
held  in  a  suitable  handle  mokes  an  excelleut  scriber  for 
accurate  work.     It  is  so   cheap   that   grinding  is  unneces- 
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t'hen   (lull,  U   can  be  replaced   by   ■   new  one.   Tk 
|oD  a  needle  is  ground  by  an   expert,  and  b  tu 
lo   anytbing   possible   to   be   made   by   the  opTub!} 

^iet. 

ig  Qloe,  Break  a  cnke  of  the  glae  into  htirI 
hei  by  striking  it  a  blow  witti  a  bammer  or  bj 
\g  it.  If  Ihe  broken  pieces  have  sinooth,  even  eign, 
lie  is  of  poor  quality.  If  the  edges  are  very  rajstri, 
lality  ii  good.  The  more  splinters  at  the  broken  dg« 
rue  the  glue  is  to  be  depended   upon   and  will  iituiid 

vvca tiler  well. 

Lening  Ensted  Screws.  One  of  the  simplest  nad  ntdi- 
lys  of  InoReniiif:  a  rusted  screw  is  to  apply  heot  to  tt( 
]if  the  screw.  A  small  bar  or  rod  of  iron,  flat  at  tbt 
reddetu'il  in  the  fire  and  applied  for  two  or  thrw 
L's  to  the  head  of  n  rusty  screw,   will,  as  soon  a.i  it 

the  screw,  render  its  withdrawal  as  easj-  with  tht 
IriviT  us  if  il  ivere  only  h  recently  inserted  serew. 
Is  Tint   partifiikirly   novel,  but  it    is   worth   kiirnviii^. 
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To  Soften  Oast  Iron.     Heal   I  he  whole  piece  to  a  bright 

slow  ani]  gradually  cool  under  a  covering  of  fine  coal  (Just, 

Kmall  objects  shoiild  be  packed  in  quantities,  in  a  crucible 

■in    a    furnace    or   open    fire,    under   mttterials    which    when 

]ftieated  to  a  glow  give  out  carbon  lo  the  iron.     They  should 

l>e  beated  graiiunlly,  ami  kept  ill  a  brif^bt  Iieat  for  an  hour 

and   allowed   to  coot  slowly.     Tbe  subsla.ices  reeommended 

to    be   added   are   cast-iron   turnings,   godium    carbonate   or 

Taw  sugar.     If  only  raw  sugar  is  used,  the  quantity  should 

not  be  too  small.     By  this  process  it  is  said  that  cast  iron 

may   be   mide   so  soft   that   it   can   almost   be   cut   with   a 

pocket-knife. 

To  Harden  Files.  To  harden  files  dip  the  file  in  red- 
hot  lead,  haudle  up.  This  gives  a  uniform  heat  and  pre- 
vents warping.  Run  the  tile  endwise  back  and  forth  in  a 
pan  of  salt  water.  Set  the  flie  in  a  vise  and  straighten 
it   while  still   warm. 

Leather  Belts.  A  leather  belt  is  more  economical  in  the 
end  than  a  rubber  one.  When  buying  a  le.ither  belt  it 
should  be  tested  by  doubling  it  up  with  the  Iiair  side  out. 
If  it  should  eraek,  reject  it  as  it  cannot  realize  the  whols 
amount  of  power  it  should  transmit.  If  it  shows  a  spon".;; 
appearance  it  should  be  condemned  at  once,  for  it  must  h  > 
pliable  as  well  as  firm.  The  grain  or  hair  side  should  hv 
free  from  wrinkles  and  the  belt  should  be  of  unifoni. 
thickness  throughout  its  length.  It  should  be  tested  for 
tiualily  by  immersing  a  small  strip  in  strong  vinegar.  If 
the  leather  has  been  properly  tanned  and  is  of  good  qual- 
ity, it  will  remain  in  vinegar  for  weeks  without  aiteratio-n, 
excepting  it  will  grow  darker  in  color.  If  the  leather  had 
not  been  properly  tanned  the  fiber  will  swell  and  the 
leather  will  become  softened,  turning  it  into  a  jelly-like 
mass. 

To  Cement  Rubber  to  Leather,  Roughen  both  surface.<> 
with  a  sharp  piece  of  glass,  apply  on  both  a  diluted  solu- 
tion of  guUa  percha  in  carbon   bisulphide,  and  let  the  bi>> 


574  MACHINE  SHOP  PRACTICE 

lution  soak  into  ttie  tnaterial.  Then  press  upon  e 
face  a  skin  of  gulla  jiercha  about  one-kaiidredlh  uf  lo 
inch  in  tlijelaiess,  between  a  pair  of  roils.  Unite  the  »»o 
surfaces  in  a  press  that  should  be  warm  but  not  hoL  h 
ease  a  press  eaimot  be  used,  dissolve  30  parts  of  rahhn 
in  140  parts  of  carbon  bisulphide,  tbe  vess«?l  being  pliwd 
on  a  water  bnth  of  a  temperature  of  S6  deirrees  Fahrfn- 
heit.  Melt  ten  parts  of  rubber  with  fifteen  parts  uf  wsia 
and  add  35  parts  of  oil  of  turpentine.  WTien  the  mbber 
has  been  completely  dissolved,  the  two  liquids  may  ht 
mixed.     The  resitltini;  t-ement  must  be  kept   well  corked. 

Drilling  Holes  in  Glass.  Holes  of  any  size  desired  ma; 
be  drilled  in  >;lass  by  the  following  method:  Get  a  small 
3-cornered  file  and  grind  the  points  from  one  comer  and 
tile  bias  from  the  other  and  set  the  file  in  a  brace,  sach  »s 
is  ased  in  boring  wood.  Lay  the  glass  in  which  the  hols 
are  to  be  bored  on  a  smooth  surface  covered  with  a  blanki 
and  begin  to  bore  a  hole.  When  a  slijrht  impre&siDD 
made  on  the  glass,  place  a  disk  of  putty  around  it  and 
with  turpentine  to  prevent  too  great  heating  by  friction. 
Continue  boring  the  hole,  which  will  be  as  smooth  as  one 
drilled  in  wood  with  an  auger.  Do  not  press  too  hard  on 
the  brace  while  drilling. 

To  Polish  Brass.  Smootli  tbe  brass  with  a  floe  file  aad 
rub  it  with  a  smooth  fine  grain  stone,  or  with  charcoal  and 
water.  Wlien  quite  smooth  and  free  from  scratches,  polish 
with  pumice  stone  and  oil.  spirits  of  turpentine,  or  alcohol 

How  to  Make  a  Soft  Alloy,  A  soft  alloy  which  will 
adiiere  tenaciously  to  metal,  glass  or  porcelain,  and  can 
also  be  used  as  a.  solder  for  articles  which  cannot  bear  • 
high  degree  of  heat,  is  made  as  follows: 

Obtain    copper-dust    by    preei])itating    copper    from 
sulphate  by  means  of  metnllic  xinc.     Place  from  20  to 
parts    of    the    copper-tJuRt,    according    to    the    hardness 
sired,  in  a  porcelain-lined  niortiir,  and  mix  well  with  some 
sulvhnric  acid  of  a   spegA^Hwrity  of  1.85.     Add   to  tl 
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paste  70  parts  of  mercury,  stirring  constantly,  and  when 
thoroQghly .  mixed,  rinse  the  amalgam  in  warm  water  to 
remove  the  acid.  Let  cool  from  10  to  12  hours,  after 
which  time  it  will  be  hard  enough  to  scratch  tin. 

When  ready  to  use  it,  heat  to  707  degrees  Fahrenheit 
and  knead  in  an  iron  mortar  till  plastic.  It  can  then  be 
spread  on  any  surface,  and  when  it  has  cooled  and  hard- 
•nad  will  adhere  most  tenaciously. 
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Things  to  Do  in  Case  of  Sprains  or  Dislocations.    The 

most  iniportaiit  thiuf;  is  ti>  secure  rest  liitit  the  arrival  of 
the  sur^on.  If  the  sprain  is  in  the  ankle  or  foot,  place 
a  folded  lowel  around  the  part  and  cover  with  a  haiidage. 
Apply  raoJKt  lieat.  The  foot  should  be  iniraei"sed  in  a 
bucket  of  hot  water  and  more  hot  water  added  from  time 
to  time,  so  that  it  ean  be  kept  as  hot  as  can  be  borne  for 
fifteeti  or  twenty  minutes,  after  which  a  firm  bandage 
should  be  applied,  by  a  surgeon,  if  possible,  and  the  foot 
elevated. 

In  sprains  of  the  wrist,  a  straight  piece  of  wood  should 
be  used  as  a  splint,  cover  with  cotton  or  wool  to  make  it 
soft,  and  lightly  bandage,  and  carry  the  arm  in  a  sling. 
In  all  eases  of  sprains  I  he  results  may  be  serious,  and  a 
surgeon  should  be  obtained  as  soon  as  possible.  After  the 
acute  sjinptoms  of  pain  and  swelling  have  subsided,  it 
is  still  necessary  that  the  joint  should  have  complete  rest 
by  the  use  of  a  splint  and  bandage  and  such  applications 
as  the  surgeon  may  direct. 

Sioaple  dislocation  of  the  fingers  can  be  put  in  place  by 
strong  pulling,  aided  by  a  little  pressure  on  the  part  of 
the  bones  nearest  the  joint. 

The  best  that  can  be  done  in  moat  cases  is  to  put  the 
part  in  the  position  easiest  to  the  sufferer,  and  to  apply 
cold  wet  cloths,  while  awaiting  the  arrivjil  of  a  surgeon.     . 

To  Remove  Foreign  Substances  from  the  "Eye.  Take  hold 
of  tile  ujjpcr  lid  and  tuni  it  up  so  that  the  inside  of  the 
upper  lid  may  be  seen.  Have  the  patient  make  several 
movements  with  the  eye,  first  up,  then  down,  to  the  right 
side  and  to  the  left.  Then  lake  a  tooth-pick  with  a  little 
piece  of  absorbent  cotton  wound  around  the  end  and  mois- 
tened in  cold  water,  and  swab   it   out.     The  foreign  sub- 
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will  adhere  to  the  swob  and  the  object  will  be  «■ 
|frivm  the  eye  without  any  trouble, 
ise  of  Outs,    The  chief  points  to  be  attended  to  are: 

1 1  111?  bleedinfr.     Remove  from  the  vound  all   foreign 

L'es  lis  soon  as  po<;sib1e.     Bring   the    wounded  parts 

to  each  other  and  keep  them  so.     This  is  best  done 

ins  of  strips  of  surgeon 's   plaster,  first   applied  ta 

of    (tie    wound    and    then    secured    to    the    other. 

strips  should   not  be  too  broad,  and   space  mitst  be 

jitween    the    strips    to    allow    any    matter    to    eseapt 

too  extensive  to  be  held  tof^ther  by  plaster  must 

ehed  by  a  surgeon,  who  should   always   be  sent  for 

eases. 

en   Limbs.     To   get   at    a  broken    limb    or  rib,  the 

must    be    removed,    and    it   is    essential    that   tho 

I  be  done  without  injur>-  to  the  patient.     The  simplest 

to  rip  up  the  seams  of  such  fjarmeits  as  are  in  the 

■ihoes  must  hIvvhvs  be  cut  uff.     It  is  not  imperatively 

i*v   to  (111   anvthinsT  to  a  broken    limb   before   the  ar- 
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over  the  injured  parts,  and  bandage  them  lightly  to  keep 
them  in  position.  Have  the  solution  near  by,  and  the  in- 
stant any  part  of  a  cloth  shows  signs  of  dryness,  squeeze 
some  of  the  solution  on  that  part.  Do  not  remove  the 
cloth,  as  total  exclusion  of  the  air  is  necessary,  and  little, 
if  any,  pain  will  be  felt  as  long  as  the  cloths  are  kept  sat- 
nrntcd.  This  may  be  kept  up  for  several  days,  after  which 
Soft  cloths  dipped  in  oil  may  be  applied,  and  covered  with 
cotton  batting.  If  the  feet  are  cold,  apply  heat  and  give 
hot  water  to  drink,  and  if  the  bums  are  very  serious  send 
for  a  doctor  as  soon  as  possible.  The  presence  of  pain  is 
a  good  sign,  showing  that  vitality  is  present. 

Bleeding.  In  case  of  bleeding,  the  person  may  become 
weak  and  faint,  unless  the  blood  is  flowing  actively.  This 
is  not  a  serious  sign,  and  the  quiet  condition  of  the  faint 
often  assists  nature  in  stopping  the  bleeding,  by  allowing 
the  blood  to  clot  and  so  block  up  any  wound  in  a  blood 
vessel. 

Unless  the  faint  is  prolonged  or  the  patient  is  losing 
much  blood,  it  is  better  not  to  relieve  the  faint  condition. 
"When  in  this  state  excitement  should  be  avoided,  and  ex- 
ternal warmth  should  be  applied,  the  person  covered  with 
blankets,  and  bottles  of  hot  water  or  hot  bricks  applied 
to  the  feet  and  arm-pits. 

Watch  carefully  if  unconscious. 

If  vomiting  occurs,  turn  the  patient's  body  on  one  side, 
'With  the  head  low,  so  that  the  matters  vomited  may  not 
|$o  into  the  lungs. 

Bleeding  is  of  three  kinds:  From  the  arteries  which  lead 
from  the  heart.  That  which  comes  from  the  veins  which 
take  the  blood  back  to  the  heart.  That  from  the  small 
veins  which  carry  the  blood  to  the  surface  of  the  body. 
a  the  first,  the  blood  is  bright  scarlet  and  escapes  as 
'hough  it  were  being  pumped.  In  the  second,  the  blood  is 
Jark  red  and  flows  away  in  an  uninterrupted  stream.     In 
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K  Tbe  Metric  Sr*t«m  Af  Measurement. 


Table  No.  23— Measures  op  Lenoth 


1  Millimeter  (mm.)  =  0.03937  iuches,  or  «lK)ut  jV  incbea 
10  Millimeters  =  1  Centimeter  (cm.)  =  0,393  inches 
10  Centimeters  =  1  Decimeter  (dm.)  =  3.937  inchei 
10  Decimeters  =  1  Meter  (m.)  —  39.370  inches,  3.280  le«, 

or  1,093  yurds 
10  Meters  =  1  Dekamet^r  (Dm.)  =  32.808  feet 
10  Dekamcters  =  1  Hektometer  (Hm.)  =  19.927  rods 
10  Hpktometcra  =  1  Kilometer  (Km.)  =  1093.61  yKtia,  or 

0.621  mile 
10  Kilometers  =  IMyriameter  (Mm.)  =  6.213  mileti 
I  inch=2.54cm.     1  toot  =  0.3LM8m.     1  yard  =  0,9144m. 

1  rod  =  0,502  Dm.     1  mile  =  1.609  Km. 


Table  No.  24 — Measures  of  Weioht. 


1  Grsmme  Cg.)  =  15.432  grains  Troy,  or  0.032  ounce  Troy, 
or  0.035  ounce  avoirdupois 
10  Grammes  =  1  Dekftgriimme  (Dg.)  =  0.352  ot.  avoir. 
10  Dekagrammea=  1  Hektogramme  (Hg.)^  3.527  oi.aToir, 
10  Mekbogranimes  =  1  Kilogramme  (Kg,)  =  2.204  t>ounds 
1000  Kilogrammes  =  1  Tonne  (T.)  =  2204.621  pounds,  or 
1.102  tons  of  2000  pounds,  or  0.984  tons  of  2240  pounds 
1  grain  =  0.064  g.  1  ounce  avoirdupois  =  28.35  g. 

1  ton  2000  pounds  =  0.9072  T. 


Table  No.  25 — MEAfiURE.s  of  Capacity, 

1  Liter  (1.)  =  1  cubic  decimeter  =  61.027  cubic  inches,  or 
0.035  cubic  feet,  or  1.056  liquid  quarts,  or  0.908  dry 
quarts,  or  0.2G4  gallon. 
10  Liters  =1  Dekaliter  (Dl.)  =2,641  gallons,  or  1.13S pecks 
10  Dekaliters  =  1  Hektoliter  (HI.)  =  2.8375  bushels 
10  Hektolitcrs  =  1  Kiloliter  (Kl.)  =  61027.05  cubic  inches, 
or  28.375  bushels. 
1  cubic  f<X)t  =  28.317  1.         Igallon  =  8.785  1, 
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Table  No. 

28 — Machine  or  Nut  Taps. 

Diameter. 

LenKttln 
Inches. 

Tbreada  Per  Incb.                    1 

Standard 
Size. 

RouKh  Iron 
Size. 

U.S. 
Standard. 

V 
standard. 

Whltworth 
Standard. 

K 

il 

5 

20 

20 

20 

A 

5 

20 

20 

iV 

-i 

5X 

18 

18 

18 

u 

h% 

18 

18 

% 

H 

6 

16 

16 

16 

ii 

6 

16 

16 

A 

« 

6X 

14 

14 

14 

ii 

6% 

14 

14 

X 

« 

7 

13 

12 

12 

U 

7 

13 

12 

Afc 

«f 

7X 

12 

12 

12 

il 

7X 

12 

12 

Yf. 

« 

8 

11 

11 

11 

li 

8 

11 

11 

ii 

IJ 

8X 

11 

11 

11 

% 

fl 

9 

10 

10 

10 

■}i 

{J 

9X 

10 

10 

10 

% 

{$ 

10 

9 

9 

9 

4f 

li 

lOX 

9 

9 

9 

1 

lA 

11 

8 

8 

8 

ItV 

11 

8 

8 

tx 
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Tablb  No.  80 — Decimal  Parts 

OF  AN  Inch.           1 

1-64 

.01568 

11-82 

.84375 

43-64 

.67188 

1-32 

.03126 

28-64 

.35938 

11-16 

.6875 

8-64 

.04688 

8-8 

.375 

1-16 

.0626 

i 

45-64 

.70813 

25-64 

.39063 

23-32 

.71875 

6-64 

.07818 

13-32 

.40625 

47-64 

.73438 

8-82 

.09875 

27-64 

.42188 

3-4 

.75 

7-64 

.10938 

7-16 

.4375 

\ 

1-8 

.125 

49-64 

.76568 

29-64 

.45313 

25-32 

.78125 

9-64 

.14068 

15-32 

.46875 

51-64 

.79688 

5-82 

.15625 

81-64 

.48488 

13-16 

.8126 

11-64 

.17188 

1-2 

.5 

8-16 

.1875 

53-64 

.82818 

83-64 

.51563 

27-32 

.84875 

13-64 

.20813 

17-32 

.53125 

55-64 

.85938 

7-32 

.21875 

85-64 

.54688 

7-8 

.875 

15-64 

.28438 

9-16 

.5625 

1-4 

.25 

57-64 

89063 

37-64 

.57813 

29-31 

.90625 

17-64 

.26563 

19-32 

.59375 

59-64 

.92188 

9-32 

.28125 

39-64 

.60938 

15-16 

.9375 

19-64 

.29688 

5-8 

.625 

5-16 

.3125 

61-64 

.95313 

41-64 

.64063 

31-32 

.96875 

21-64 

.82818 

21-32 

.65625 

63-64 

.97488 

Table  No 

.  31 — Melting  Points  of  Alloys  of  Tin, 

Lead  and  Bismuth. 

Tin. 

Lead. 

Bismuth. 

Melting 
Point  In 
DeRrees 
Fahren- 
heit. 

Tin. 

Lead. 

Bismuth. 

keltlng 
Point  in 
Decrees 
Fahren- 
heit, 

2 

8 

5 

199 

4 

1 

* 

372 

1 

1 

4 

201 

5 

1      . 

381 

8 

2 

5 

212 

2 

1 

385 

4 

1 

5 

246 

3 

1 

392 

1 

1 

286 

1 

1 

466 

2 

1 

334 

1 

8 

552 

8 

1 

367 
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29  Degree  Screw  Thread. 

Acme  Standard.     The  various  parts  of  the  29  Degree  Screw 
Thread,  Acme  Staudard,  nrc  obtained  as  follows: 

Width  ol  Point  of  Tool  tor 

.37U7 


Screw  or  Tap  Thread  - 


Width  of  Screw  or  Nut  Thd.  = 


No,  ol  Thds.  per  in 

.3707 


+  0052 


No.  ol  Thds.  per  in. 
Diameter  of  Tap  =  Diameter  of  Screw  +  .020 
Diameter  of  Tap  or  Screw  at  Root  = 

1 


Diameter  of  Screw 


VNo.  of 


Linear  Thds.  per  in. 


+.020 


Depth  of  Thread  =  (.^^^^ 


Thds.  per  in, 


+  .010 


Table 

No.  3,3— 

Thread 

Part.s. 

Number  nf 

Thread, 

Wiitlh  at 

Top  i>f 
Thread, 

width  at 

BoCtnih  )>[ 
Thread. 

Srmce  at 
Top  ol 
Thread. 

Ttilc  h  Mcsa  Bt 
Kniit  nf 
T^JTea^.l. 

1 

.5100 

.3707 

.3655 

,6293 

,6345 

IX 

.3850 

.2780 

.2728 

.4720 

.4772 

2 

.2600 

,1853 

.1801 

.3147 

.3199 

8 

.1767 

.1235 

,1183 

.2098 

.21.50 

4 

.1350 

.0927 

.0875 

.1573 

.1625 

5 

.1100 

,0741 

,0689 

.1259 

.1311 

6 

.0933 

.0618 

.0566 

.1049 

.1101 

7 

.0814 

.0529 

.0478 

,0899 

.0951 

8 

.0725 

.0463 

.0411 

.0787 

.0839 

9 

.0655 

.0413 

.0361 

.0699 

.0751 

10 

.0600 

.0371 

.0319 

,0629 

.0681 
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'ABI.K  No.  84— DOtTBLK   DBPTH   OF  V  AND   1 

a.  8. 

aTANKABD  THEBADS. 

da 

s. 

U.   S, 

Double 
Depth. 

V  Thread 
Double 
Depth. 

Thre»<l« 
per  in. 

V.  s. 

Standard 

Double 

Depth. 

%'  Tlir*id 

IX.ublf 

Depth. 

.02029 

.02706 

16 

.08118 

.10825 

.02165 

.02887 

14 

.09278 

.12357 

.0:2319 

.03093 

13 

.09992 

.13323 

.02598 

.03464 

12 

.10825 

.14433 

.02706 

.03608 

11 

.11809 

.15745 

,02962 

.03936 

10 

.12990 

.17320 

.03247 

.04330 

9 

.14433 

.19244 

.0CJ6O8 

.04811 

8 

.16287 

.21650 

.04059 

.05412 

7 

.18555 

.24742 

.04330 

.06773 

6       !     .21650 

.28866 

.04689 

.06185 

51     '     .23618 

.3149(1 

.04996 

.06661 

6       j     .25980 

.34650 

.05412 
.05904 

.07216 
.07872 

4 J     '     .28866 
i      1      3fl47.'; 

.38*88 

■ 
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Table  No.  36 — Dumkter 

IN  Decimals 

fiF  AN  Inch 

OF  Number  Twist  DatLLS 

AND 

8TKEL  Wire  Gauge. 

No. 

Mbi-ipUt 

of  Drill  in 

Incti  -9, 

No. 

{■f  DHll  in 

No. 

l>luiiiL-tcr 

iidirllliii 

iDt'hl^S. 

No. 
61 

Iitiim«ter 

of  Drill  Id 

iRL'heti, 

1 

.2280 

21 

.1590 

41 

.0960 

.0390 

2 

.2210 

22 

.1670 

42 

.0935 

62 

.0380 

3 

.2iao 

23 

.1540 

43 

.0890 

63 

.0370 

4 

.2090 

24 

.1520 

44 

.0860 

64 

.0360 

5 

.2055 

25 

.1495 

45 

.0820 

65 

.0350 

e 

.2040 

26 

.1470 

46 

.0810 

66 

.0330 

7 

.2010 

27 

,1440 

47 

.0795 

67 

.0320 

8 

.1990 

28 

.1405 

48 

.0760 

68 

.0310 

9 

.1960 

29 

.1360 

49 

.0730 

69 

.02925 

10 

.1935 

30 

.1285 

50 

.0700 

70 

.0280 

11 

.1910 

31 

.1200 

51 

.0670 

71 

.0260 

12 

.1890 

32 

.1160 

52 

.0635 

72 

.0250 

13 

.1850 

33 

.1130 

53 

.0595 

73 

.0240 

14 

.1820 

34 

.1110 

54" 

.0550 

74 

.0225 

15 

.1800 

.35 

.1100 

55 

.0520 

75 

.0210 

16 

.1770 

36 

.1065 

56 

.0465 

76 

.0200 

17 

.1730 

37 

.1040 

57 

.0430 

77 

.0180 

IS 

.1695 

38 

.1015 

58 

.0420 

78 

.0160 

19 

,1660 

39 

.0995 

69 

.0410 

79 

.0145 

1 

20 

1 

.1610 

40 

.0980 

60 

.0400 

80 

.0135 
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rABLE  No.  86 — Dimensions  op  Wrought- Iron 
Pipe. 


Dtnmet<?r  tn 
liwh«ti. 


.406 

.640 
.675 
.840 
1.050 
1.315 
1.660 
1.9(H) 
2  375 
2.87ri 

4.0lit» 


.270 
.364 
.493 

.622 
.824 
1.048 
1.380 
1.610 
2.067 
2.468 
3,067 
3.548 


iDcheE. 


.068 
.085 
.091 
.109 
.113 
.134 
.140 
.145 
.154 
.204 
.217 
.226 


Per  I  orb. 


27 
18 
18 
14 
14 

n>i 

llX 
ll.J^' 
nX 

8 

s 

8 


LeriKlhof 
FullTlireid 
ill  IiK^hcs, 


.19 

.29 
.30 
,39 
.40 
.61 
.54 
.55 
.58 
.89 
.95 
1.00 
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Table  No.  87— Length  op  Threads  Cut  on  Boi/fs.      1 

Diameter 
of  Bolt  in 

LENGTH  OP  BOLTS  IN  ENCHES.                        1 

1 

IX 

2% 

2% 

sX 

iH 

8X 

lai-lim. 

to 

to 

to 

to 

to 

to 

to 

IX 

2 

2X 

3 

4 

8 

12 

H 

% 

^ 

1 

1 

1'^ 

IK 

Is 

% 

% 

1 

1 

IX 

IH 

% 

1 

1^ 

IX 

iX 

1% 

IX 

* 

% 

1 

i>i; 

\% 

IH 

1% 

IX 

% 

1 

1% 

IH 

1% 

IX 

1% 

ft 

% 

1 

IX 

IH 

1% 

IX 

IX 

1 

\% 

\H 

\% 

IH 

1% 

IX 

*A 

ly* 

1% 

IX 

\% 

\% 

2 

K 

1% 

IX 

1% 

1% 

2 

2X 

1 

1% 

2 

2% 

2X 

2X 

1% 

2H 

2% 

2% 

8 

\H 

2X 

3 

3X 

Bolts  larger  in  diameter  and  longer  than  given  in  the  table 
are  threaded  a  length  equal  to  three  times  their  diameter. 


Table  No. 

38 — English  < 

5R  Whitworth  Standard      1 

Pipe  Threads. 

Nominal  Inside 

Threads  per 

Nominal  Inside 

Threads  per 

Diameter. 

Inch. 

Diameter. 

Inch. 

X 

28 

8 

X 

19 

8X 

% 

19 

4 

X 

14 

4X 

% 

14 

5 

1 

11 

6 

IX 

11 

7 

IX 

11 

8 

11  and  10 

2 
2X 

11 
11 

Larger  than  8 

10 
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Table  Xo.  40— Fbofebttxs 

07  Metals. 

Meltlns 

Point. 

DcRTeea 

Fahrenheit 

Weisfat 

InLbi. 

Per 

Cubic 

7oot. 

Welfht 
InUw. 

Per 
Cubic 

Inch. 

tauSSa 
Strength  In 

Lbs.  Per 
Square  Inch. 

Aluminam 

1140 

166.6 

.0963 

15000-80000 

Antimony 

810-1000 

421.6 

.2439 

1050 

Brass  (average) 

1500-1700 

628.2 

.8027 

30000-45000 

Ck>pper 

1980 

562. 

.3195 

80000-40000 

Gold  (pnre) 

2100 

1200.9 

.6949 

20880 

Iron,  cast 

1900-2200 

450. 

.2604 

20000-86000 

Iron,  wrought 

2700-2830 

480. 

.2779 

36000-60000 

Lead 

618 

709.7. 

.4106 

1000-8000 

Mercury 

89 

846.8 

.4900 

Nickel 

2800 

648.7 

.8175 

• 

Silver  (pure) 

1800 

656.1 

.8791 

40000 

Steel 

2870-2686 

489.6 

.2834 

60000-120000 

Tin 

476 

458.8 

.2662 

5000 

Zino 

780 

486.6 

.2526 

8500 

Note.  The  wide  variations  in  the  tensile  strength  are 
due  to  the  difierent  forms  and  qualities  of  the  metal  tested. 
In  the  case  of  lead,  the  lowest  strength  is  for  lead  cast  in  a 
mould,  the  highest  for  wire  drawn  after  numerous  workings 
of  the  metal.  With  steel  it  varies  with  the  p>ercentage  of 
carbon  used,  which  is  varied  according  to  the  grade  of  steel 
required.    Mercury  becomes  solid  at  89  degrees  below  sero. 


■ 

^^ 

B^ 

rH 

^H 

^^^H 

^^ 

■ 

^0             MACHINE  SHOP  PRACTICE               ^f 

STANDARD  SCREW  THREADS                       ^^ 

Table  No.  41.— U.  S.  or  Frakki.in  Institute  Staxdaiux       I 

Formula:    Flat— 5*^                          Pitch  — „         J        .        1 

8                                             Tbreads  per  la.     ■ 

Depth— PitcU  X  .8495                                                        1 

llitiriii'- 

.No.Thlili. 

Iilaine- 

Xu  ThilB 

liittnie-  iNn.Thti* 

HlBiue-  N.i.Tlul.,1    ■ 

t.T, 

1-4 

r>f  r  Irii'h. 

ler. 

l»er  Ini'b. 

ter. 

per  iurh 

te;r.      {per  Lurt.|    ■ 

•M 

l-» 

9 

I  7-8 

n 

3  7-8 

8 1-3       ■ 

."i-Ifi 

18 

1 

8 

2 

4  1-3 

3 

8  1-3       I 

■J-H 

Ml 

1  1-8 

7 

2  1-8 

4  !-3 

3  IJ^ 

»l-2       1 

7-ltt 

14 

1  1-4 

7 

3  1-4 

4  1-3 

3  1-4 

3  1-3       I 

1-3 

13 

1  8-K 

e 

38-8 

4 

38J^ 

3  1-t       1 

1148 

13 

1  12 

e 

a  1-2 

4 

3  1-2 

81-4       I 

.5-8 

11 

t  r,.H 

r.  I -a 

2.^^ 

4 

3  5-8 

3  1-4       1 

3-4 

ID 

I  a-4 

5 

3  3-4 

4 

13  8-413         II 

Ta«i.k  No.  43.— V  Standard.                                  1 

FftrniiiVr    Pfplli  —  PH-^'i  ■'■    '^''I'H          i';t..ii  —                '                   1 

Threa<Is  per  in.       | 

Diame- 

No.Thiis. 

Diaine- 

.VO.Thds 

IliUtllO- 

Nil  Thcl.'! 

Uiatne- 

No.Thd*. 

ter. 
1-4 

per  hich- 

ti-r. 

per  lii("-h. 
10 

I  3-4 

tier  IJl{'h. 

Icr. 

ff-r  Inch. 
4 

30 

1B-1« 

.') 

3  7-8 

5-1(1 

IH 

7-8 

0 

17-8 

4  1-3 

S 

3  1--2 

3-8 

18 

15-10 

9 

3 

4  1-3 

S  US 

3  1-2 

7-16 

14 

1 

8 

21-8 

4  1-2 

3  1-4 

3  1-2 

1-3 

13 

1    1-8 

7 

3  1-4 

4  1-2 

a  3-8 

3  1-4 

»-18 

13 

I    1-4 

7 

3  3-8 

4  1-3 

3  1-2 

8  1-4 

5-8 

11 

1    8-8 

f\ 

3  1-2 

4 

8  5^ 

8  1-4 

11-18 

1( 

I    1-2 

6 

3  .1-8 

4 

H3-4 

8 

8-4 

10 

1    5^ 

5 

2  3-4 

4 

3  7-8 

3 

Tablk  No.  43,— Whitworth  Standard.                   |    | 

Fonnula:     Rafii«s  =  Pitch  x  .1373         pjtch  —  _ 
Depth  =  Pitch  X  JimiH                       1 

1 

hreadspcrln.       1 

Diaiiif-  .S'liTtKts. 

IliBrat'-   'No.  TllilK. 

DiAme-    XOiThcls. 

riluiiie-!X«i.Thila.      1 

t*'r      ^er  !iifh. 

t*T. 

ia-i« 

Pi^r  Inch. 

tt't*.      J  per  laiyli. 

ter.     'per  Imh       ■ 

1-4 

•ill 

10 

18-4       5 

3  7-8 

3  1-2 

5-18 

IH 

7-8 

» 

1  7-8 

4  1-3 

3 

»  1-3 

8-8 

18 

15-18 

9 

3 

4  1-3 

3  1^ 

3  1-2 

7-18 

14 

1 

8 

a  1-8 

4  1-2 

81-4 

8  1-4 

1-3 

13 

1    1-8 

7 

3  1-4 

4 

8  8-8 

3  M 

I 

9-18 

13 

I    1-4 

7 

3  3-8 

4 

«  1-3 

3  1-* 

5-8 

U 

1    3-8 

8         2  1-2 

4 

3  5-8 

3  1-1 

"11 -18 

11 

1    1-3 

t(          2  5-8 

4 

83-4 

8 

8-4 

It) 

1    5-8 

.1         3  3-4 

8  1-3 

3  7.8 

3 

k 

^^g^^^^ 
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Table  No.  44— Melting,  Boilino  and  Fbkkzino  Points  | 

IN  DsoREES  Fahrenheit 

OP  VARIOUS  Substances.        1 

Substance. 

Melts  at 
Degrees 

Substance. 

Melts  at 
Degrees 

Platinum 

8080 

Antimony 

810 

Wrought-Iron 

2830 

Zinc 

780 

Nickel 

2800 

Lead 

618 

Steel 

2600 

Bismuth 

476 

Cast-Iron 

2200 

Tin 

475 

Gold  (pure) 

2100 

Cadmium 

442 

Copper 

1930 

Sulphur 

226 

Gun  Metal 

1960 

Bees-Wax 

151 

Brass 

1900 

Spermaceti 

142 

Silver  (pure) 

1800 

Tallow 

72 

Aluminum 

1140 

Mercury 

39 

Substance. 

Boils  at 
Degrees 

Substance. 

Freezes  at 
Degrees 

Mercury 

660 

Olive  Oil 

86 

■      Linseed  Oil 

600 

Freshwater 

82 

■       Sulphuric  Acid 

590 

Vinegar 

28 

I       Oil  of  Turpentine 

560 

Sea  Water 

27X 

1       Nitric  Acid 

242 

Turpentine 

14 

1       Sea  Water 

213 

Sulphuric  Acid 

1 

1       Fresh  Water 

212 

■ 

■ 

c 

J 

■ 

H 

■ 

■ 

1 

■ 

1 

■■ 

!■ 

1 
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1 

Table  No.  45 — Drill  List  for  U.  8.  Standa&d 

1 

TURliADS. 

f    No.ol 
Tlid*. 

Sjaeo 
Tbp 
Drill. 

81k  o 

T»P. 

f    So.  of 

Thds. 

Slxco 
Drill. 

'      SU«?  of 
T«p. 

No.  Of     ^<- 

V 

20 

3-16 

« 

lU 

H 

ijk" 

ti 

l)i 

5-1  e 

18 

D 

n 

9 

47-6- 

t    \H 

5 

t>i 

H 

16 

N 

1 

8 

27-3' 

I     3 

*% 

1  2841 

7-16 

U 

m 

^% 

7 

(U-H. 

I     3.^ 

■*« 

127.ffl 

)i 

IS 

13-32 

IV 

7 

1    5* 

1     2JW' 

*>i 

1  81-« 

9-lQ 

12 

30-64 

Ifi 

e 

1  U-6- 

t     2,*» 

4      ]-Z    \.\t 

H 

11 

33-04 

1« 

6 

1  111-1)1 

I    3*3'       4     2  g-ia 

» 

l,H 

^% 

I  :i.Vih 

I 

Table 

No.  46^Machine  Screw  T.'^.p  Drills. 

size 

of 

Tap. 

Size  of 
DrtU  tor 
Body  ol 
Screw. 

size 

(if 

Top 
Drill. 

Site 

of 

Tnu. 

Sizent 
Prill  far 

BiKly   I.f 

Screw. 

Sin; 

>if 

Top 

Drill . 

sue 

of 

Tap. 

Sl»  of    1  si^,,r 
DrUl   fur     *'!^'^ 
Bohr  n(      :^ 

Screw.       I^™- 

2-46 

44 

50 

9-28        16 

28 

16-16 

r       12 

1 

2-56 

44 

49 

9-30 

16 

28 

16-18 

I        e 

1 

2-64 

44 

48 

9-32 

16 

26 

16-20 

I 

7 

1 

3-40 

39 

49 

10-24 

11 

26 

17-16 

L 

8 

1 

3-48 

39 

47 

10-30 

11 

24 

17-18 

L 

4 

, 

3-56 

39 

45 

10-32 

11 

24 

17-20 

L 

3 

■ 

4-32 

33 

46 

11-24 

6 

21 

18-16 

19-64 

2 

■ 

4-36 

33 

44 

11-28 

6 

20 

18-18;  19-64 

S 

^ 

4-40 

33 

43 

11-30 

6 

19 

18-20   19-64 

1 

5-30 

H 

43 

12-20 

7-32 

24 

19-16 

5-16 

1 

d 

5-32 

% 

42 

12-22 

7-32 

20 

19-18 

5-16 

B 

1 

5-36 

% 

41 

12-24      7-32- 

19 

19-20 

5-16 

0 

I 

5-40 

% 

38 

12-28 

7-32 

18 

20-16 

P 

C 

1 

6-30 

28 

38 

13-20 

15-64 

17 

20-18 

P 

E 

1 

6-32 

28 

37 

13-22 

15-64 

17 

20-20 

P 

F 

I 

t 

6-36  [      28 

36 

13-24    15-64 

15 

22-16 

8 

H 

n 

6-40  !      28 

35 

14-20;       % 

15 

22-18 

8 

J 

7-28        34 

34 

14-22 

K 

11 

24-14 

% 

L 

7-30        24 

33 

14-24 

% 

10 

24-10 

% 

M 

» 

7-32 

24 

32 

15-18 

F 

12 

24-18 

% 

N 

8-24 

19 

31 

15-20       F     1 

10 

26-14 

18-82 

0 

8-30 

19 

SI 

15-32 

F 

8 

26-16 

13-32 

P- 

8-32 

19 

30 

16-24 

F 

7 

28-14 

7-16 

B 

h 

9-24 

16 

30 

28-16 

7-16 

S 

h^ 

1 
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Table  No.  47 

—Drill  List  for  V  Thread  Tam. 

Diameter 

Thil*. 

Slseo 
of 

[MomeU'r 

Tlwis. 

Slzenf 

Dlumi'ter 

■muB. 

Tlw  ot 

ol  Tap. 

Iiit'h. 
48 

Tnii 
DriU. 

of  Ta[>. 

IHT 

Tap  Drill. 

ol  Tail. 

Inch. 

Top  DrUl. 

8-32 

49 

13-32 

16 

P 

15-16 

9 

25-32 

3-32 

56 

48 

13-32 

18 

21-64 

31-32 

9 

13-16 

3-32 

60 

47 

7-16 

14 

R 

1 

8 

63-64 

7-64 

32 

49 

7-16 

16 

S 

1    1-32 

6 

56-64 

7-64 

36 

48 

15-32 

14 

3-8 

1    1-16 

6 

57-64 

7-<>l 

40 

■16 

15-32 

16 

W 

1    3-32 

8 

59-64 

1-8 

32 

44 

1-2 

12 

25-64 

1    1-8 

7 

59-64 

1-8 

36 

42 

1-2 

13 

X 

1    1-8 

8 

61-64 

1-8 

40 

41 

1-2 

14 

13-32 

1    5-32 

7 

61-64 

S*-64 

30 

40 

17-32 

12 

27-64 

1    5-32 

8 

63-64 

9-64 

32 

38 

17-32 

13 

27-64 

1    3-16 

7 

63-64 

9-64 

36 

37 

17-32 

14 

7-16 

1    8-16 

8 

I     1-64 

5-32 

30 

33 

9-16 

12 

29-64 

1    7-32 

7 

1     1-64 

0-32 

32 

32 

9-16 

14 

l;5-32 

1    7-32 

8 

1     3-64 

6-32 

36 

31 

19-32 

12 

31-64 

1    1-4 

7 

1     3-64 

3-16 

24 

29 

19-32 

14 

1-2 

1    9-32 

7 

1     6-64 

S-16 

30 

2C 

5-tt 

10 

31-64 

1    5-16 

7 

1     7-64 

3-16 

32 

27 

5-8 

11 

1-2 

111-32 

7 

1     9-64 

7-32 

24 

20 

5-8 

12 

15-32 

1    3-8 

6 

1     1-8 

r-32 

30 

16 

21-32 

10 

33-64 

1  13-32 

6 

1     5-32 

r-33 

32 

14 

21-32 

11 

17-32 

1    7-16 

6 

I     8-16 

3.^ 

18 

17 

21-32 

12 

3.5-64 

1  15-32 

6 

1     7-32 

X-4 

20 

14 

3-4 

10 

39-64 

1    1-2 

6 

1  17-64 

1-4 

24 

8 

3-4 

'll 

5-8 

1  17-32 

6 

1  19-64 

9-32 

18 

u 

3-4 

12 

11-16 

I    5-8 

6 

1  21-64 

9-32 

20 

3 

25-32 

10 

45-64 

1  21-32 

5 

1  23-64 

5-16 

16 

1 

25-32 

11 

45-64 

1    8-4 

6 

I  29-64 

5-16 

IS 

C 

25-32 

12 

23-32 

1  25-32 

5 

1  31-64 

5-16 

20 

E 

i;i-16 

10 

43-64 

1  13-16 

6 

1  33-64 

11-82 

16 

F 

27-32 

10 

45-64 

1  27-32 

5 

I  35-64 

11-32 

18 

u 

7-8 

9 

23-32 

1    7-8 

4> 

1  35-64 

3-8 

14 

K 

7-8 

10 

47-61 

1  29-32 

■ti 

1  37-64 

I-  8-8 

16 

M 

29-32 

9 

3-4 

1  15-16 

4i 

1  39-64 

8-8^ 

18 

1  <J 
K  1 

29-32 

10 

49-64 

1  31-32 

4i 

1  41-64 

1^^ 

14 

N 

2 

4i 

1  43-64 

t.i 


^^^^^^^^^^■^B 
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iLE  No,  48 — Proportionate  Weiqht  of  Castdtgs 

TO  Weight  of  Wood  Pattkkns. 

ittera  Welchlne 

e  Pound  Ukde 

^ 

■3 

ot 

1 

1 

i 

1 

1 

J 

r-K  TVHQhtof 

1 

s 

1 

1 

. ., ,  J-rtnls}, 

B  or  Fir 

16 

15.8 

16.7 

ie.3 

17.1 

13.$ 

9 

10.1 

10.4 

10.3 

10.9 

6.6 

:h 

9.7 

10.9 

11.4 

11.3 

11.9 

9.1 

lea 

13.4 

15.1 

16.7 

15.5 

16.3 

12.9 

10,2 

11.5 

11.9 

1^ 

12.4 

9.8 

1 

1 
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Table  No.  49 — Letter  Sizes  op 

Drills. 

Diameter  Inches. 

Decimals  ol 
1  Incb. 

Diameter  Inches. 

Decimals  ol 
llnch. 

AH 

.234 

N 

.302 

B 

.288 

OA 

.816 

C 

.242 

PH 

.828 

D 

.246 

Q 

.382 

EX 

.250 

R5J 

.339 

F 

.257 

s 

.848 

Q 

.261 

TU 

.858 

HW 

.266 

V 

.368 

I 

.272 

\% 

.877 

J 

.277 

wi* 

.886 

KA 

.281 

X 

.897 

L 

.290 

YU 

.404 

MH 

.295 

z 

.418 

Table  No.  50 — Sizes  of 

Tap  Drills.                  1 

Tap 

Threatls  per 

DnillorV 

Drill  for  D.  B. 

Drill  tor 

tHameter. 

Inch. 

Thread. 

Btatmsrtl. 

Whitworth, 

H 

16,  18,  20 

A  A  a 

3-16 

3-16 

/r 

16,  18,  20 

A  H  11 

A 

16,  18 

A  U- 

1-4 

15-64 

8 

16,  18 
14,  16,  18 

>i  A  A 

9-32 

9-32 

14,  16,  18 

tJ  n  u 

A 

14,  16 

A  W 

11-S2 

11-32 

1 

.14,  16 
12,  J3,  14 

1  % 

A  U  U 

13-82 

3-8 

S 

12,  14 

A  n  , 

7-16 

10,  11,  12 

iiKH 

1-2 

1-2 

S 

11,  12 
10.  11,  12 

i\tiy. 

5-8 

5-8 

8 

10 

h 

9,10 

t 

n 

28^2 

23-32 

H 

9 

h 

1 

8 

h 

27-32 

27-32 

•4 


1'  t 


ISS* 


.IM9       t>'» 


-UTh 


!.ns 


"■~    "  ^ 

^_ 
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TABtE  No.  51. — Weight  .\nd  Area  of  Sbvare  and  Roitnd 

Steki..  and  thk  Circumkkrknce  of  Round  Bars. 

Steel  weighing  490  pounds  per  cubic  fooL 

1 

1 

or 

Dl>tni.-t«r 

III 

Welebt 

(It 

Sqimre 

Bar 

1  ft.  liiliK. 

Wt'iKht 

o( 

Hound 

Bar 

1  rt.  lotiK. 

Area  of 

Siiuare 

Unr 

Area  of 

Round 

Uar 

[fi  i^quart' 
lnelie«. 

Clrt'iMnfer- 
tTU'e  of 
H.^iiii(l 
Burin 
Iiiehea. 

1-16 

1-8 

8-16 

13.61 
14.47 
15.88 
16.28 

10.69 
11. 80 
12.  (Mi 
12.79 

4.0O0O 
4.2539 
4.5]a0 
4.7H52 

3.1416 
3.34t0 
3.5406 
3.75l<3 

6.2833 
6.4795 
0.0759 
6.8723 

1-4 

5-ie 

8-8 
7-16 

17.23 
18.19 
19.19 
3(J.31 

18.52 
14.29 
15.07 
15.87 

5.0025 
5.3477 
5,6400 
5.9414 

8.9701 
4.2(M>0 
4.4301 
4.6004 

7.0680 
7.2649 
7.4618 
7.0576 

1-3 
9- 10 

r.-« 

11-10 

•2l.2« 
32.84 
38,44 
34.57 

10.70 
17.r)5 
18.41 
19.30 

O.25O0 
6.5064 
0.8900 
7.3227 

4.9<(87 
3.1573 
.').4119 
0.6737 

T.SiMO 
8.0508 
8.2467 
8.4480 

3^ 

13-16 

7-« 

15-16 

25.73 
2491 
28.13 
29.30 

20.21 
21.14 
22.09 
28.06 

7.502.'5 
7.9102 

8.03M9 

5.9390 
6.2120 
6.4918 
6.777t 

8.6:i94 
8,88.W 
9.0321 
9.2384 

8 
1-10 
1-8 
8-16 

31).  C2 
81.91 
33.  SI 
84.57 

24.05 
2.').  06 
20. 10 
27.15 

9.0OO0 
9,3789 
9. 7650 
10.100 

7.0O86 
7.3003 
7.«Wi99 
7.9708 

9.4348 

9.6211 
9.8175 
10.014 

1 

1-t 

8-S 
7-16 

85.94 
87.33 
88.75 
40,20 

28.28 
39.33 

ao.43 

31.57 

10,  ,5(53 
10.973 
11.391 
11.810 

8.2958 
8.0179 
8.9463 
B.2806 

10.210 
10.407 
10,003 
10.799 

1-2 
9-lfl 

11-10 

41.08 
43.17 
44.71 
46.26 

32.74 
38.91 
35.12 
36.38 

12.250 
12,601 
13.141 
13..M(8 

9.6211 
9.9078 
10.321 
10.080 

10.990 
11.192 
1 !  ..•188 
11.585 

8-4 
18-16 

15-16 

47.84 
49.4.5 

51.09 
52. 75 

■37.57 
88.84 
40.13 
41.43 

14.003 
14.585 
15.010 
15. 504 

11,04.5 
11.410 
11.703 
12.177 

11.781 
11.977 
13.174 
12.370 

4 

54.43 

42.77 

10.00 

12.  .566 

13.506 

L 

■ 

^^^^H 

I^H^I 

lUCHIXE  SHOP  PRACTICE 

BLE  No.  52 — 81ZB  AXD  Weight  of  Htir  Pressed 
KXHQOS  Nuts  United  States  Standard  Sizes. 

Weights  »od  eii«a  are  for  unfiniehed  Nut«. 

; 

i-2 
6 

(2 

! 
6 

Thick- 
iifm  III 
locbra. 

Size  ol  Hole. 

Site 

or 

Bolt. 

Weiffht 
ofliO 
NoU. 

Xoobfr 
of  Nnnn 

IWIilS. 

1-4 

6-16 

3-8 

7-16 

1-2 

9-16 
5-8 

0.185 
0.240 
0.294 
0.344 

0.400 
U.4.54 
0.507 
(1  fi-ia 

A  Bcant. 

a    " 

H 

Jl  scant. 

U 

X  full. 

A 

l.S 

1.9 
8.8 
5.0 

7.0 
9.1 

IM.fi 

7615 

5200 
3000 
2000 

I4;W 

lUW 

740 

■ 

E 

^^J 

^ 

^1 

|~ 

J 
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Table  No. 

53 — Size  and  Weight  of  Hot  Pressed 

Square  Ncts  United  Statee 

Standaed  Sizes. 

Weights  and  sizes  are  tor  anflnished  Nats. 

1 

Thiclt- 

81n> 

Weiftht 

Number 

Vldth. 

ness  111 

81m  oI  Bot'j. 

ol 

of  im 

ofNuula 

\ 

Inptiefl. 

Bolt. 

Kuti. 

ICO  Lb*. 

' 

1-2 

1-4 

0.186 

A  snitit. 

k    " 

H 

1.4 

7270 

19-82 

5-16 

0.240 

t! 

2.2 

4700 

11-16 

3-8 

0.294 

H     " 

4.3 

2330 

26-32 

7-16 

0.344 

if 

A 

6.1 

1630 

^ 

7-8 

1-2 

0.400 

ii  scant. 

X 

9,0 

1120 

^ 

31-32 

9-16 

0.454 

If 

P. 

11.2 

890 

i 

1 

1-16 

5-8 

0.507 

H  full. 

15.6 

640 

1 

1-4 

8-4 

0.620 

%  srant. 

H 

26.3 

380 

1 

1 

7-16 

7-8 

0.731 

U  scant. 

K 

85.7 

280 

1 

1 

5-8 

1 

0.837 

n     " 

1 

68.8 

170 

1 

18-16 

1  1-8 

0.940 

H  full. 

IX 

76.9 

130 

2 

1  1-4 

1.065 

lA    " 

IH 

104.2 

96 

2 

3-16 

1  3-8 

1.160 

lA  full. 

\% 

142.8 

70 

2 

3-8 

1  1-2 

1.284 

IX 

172,4 

58 

2 

9-16 

1  5-8 

1.889 

lU  scant. 

ik    " 

1% 

227.3 

44 

" 

2 

3-4 

1  3^ 

1.491 

iJi 

294.1 

34 

2 

15-16 

17-8 

1.616 

1%  scant. 

\% 

370.4 

27 

•    1 

3 

1-8 

2 

1.712 

m    " 

2 

416.7 

24 

1 

3 

5-16 

2  1-8 

1.836 

m    " 

2X 

500.0 

20 

3 

1-2 

2  1-4 

1.962 

m    " 

2% 

6S8.2 

17 

^^^^^_^^^ 

MAflllME  SHOP  PRACTICE 

1 

[.K  No.  f.4 - 

1 

-Wkiobt  per  Foot  or  Flat  B.^r  Steki.  1 

Steel  weijjhiiig  490  pounds  per  squares  foot 

Width 

IN    Inches. 

1 
■      1 

114 

1  1-3  1  S4 

. 

81-4 

3  IJZ 

8 

81-fl 

4 

(t  .nm 

.797 

.657 

1,11 

1.38 

1.44 

1.B9 

l.ftl 

2.2SJ  a.S5 

..S.50 

i.oe 

i.as 

1,49 

1.70 

1.91 

2.13 

a53 

2.9(j 

a.« 

ei.tKj 

i.3;i 

1,58 

1.86 

2.13 

2.39 

2.  as 

8,19 

8.73 

ta 

i.art 

i.sa 

1.93 

3,33 

a.  55 

3.S7 

3.19 

3.88 

4.47 

5.10 

I!  1.49 

i.sa 

2,23 

3.8(1 

s.tis 

3.S.1 

8.73 

4.4« 

5  3(1 

5K 

1.70 

•i.l3 

3.55 

3.9M 

3.40 

3.«a 

4.33 

5,10 

S.ft5 

ttJO 

0  1.«2 

3.89 

3.87 

8.85 

ass 

4.80 

4.78 

5.74 

«.70 

:b 

2.12 

3.  Co 

3.19 

a.73 

4.35 

4.78 

5.ai 

(J.  38 

7.44   S.M 

tV3,34 

8.93 

3,31 

4.oe 

4.67 

5.2*1 

.■5.1*4 

7.03 

s.is<i ».» 

•i.sri 

S.lfl 

3.H3 

4.47 

r..io 

5,75 

asK 

7.6.'; 

8.113  HJ.iO 

li  2.76 

3,4.'! 

4.14 

4.84 

5.53 

6.21 

0.90 

8.39 

fterlinK 

Iti.tiM  '8.72 

44T 

5,30 

S.Sr, 

6,0B 

7,44 

8,«ai  10.41  11.90 

1 

1 

1 

■ 
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Table  No.  56 — Weight  pes  Foot  of  Flat  Bar  Iron.    1 

Thick 
ansa. 

WIDTH    IN    INOHEa,                        *          | 

1       \% 

VA 
.63 

IYa 

2 

.84 

2X 

2H 

8 

8X 

4 

.42    .53 

.95 

1.05 

1,26 

1,47 

1.68 

K 

.84  1.05 

1.26 

1.47 

1.68 

1.90i2.U 

2.53 

2.95 

3,37 

% 

1,28  1.68 

1.90 

2,21 

2,53 

2.84 

3.16 

8,79 

4.42 

6.05 

H 

1.6812.1112.53 

2.95 

3.37 

3.79 

4.21 

5.06 

5.89 

6,74 

% 

2.11i  2.63 

3.16 

3.68 

4.21 

4.74 

5.26 

6.32 

7.37 

8.42 

Ya 

2.531  3.16 

3.79 

4.42 

5.05 

5.68 

6.32 

7,58 

8.84 

10.10 

% 

3.95I  3.68  4.42 

5.16 

.5.89 

6.83 

7.37 

8.84 

10.32 

11.79 

1 

3.:-! 7  4.21' 5.05 

5.89 

6.74 1 7,68 

8.42 

10.10 

11.79 

13.47 

Plate  iron  weighs  40  pounds  per  square  foot,  1  inch  thick. 
Hence,  a  square  foot  weighs  10  pounds  if  X  inch  thick, 
6  pounds  if  %  inch  thick,  etc. 

To  find  the  weight  of  round  iron,  per  square  foot  in  length: 
Square  the  diameter,  expressed  in  quarter  inches  and  divide 
by  6. 

Thus,  a  1/^inch  rod  weighs 5 X  5  =  25,  25-«-6  =4J  pounds 
per  foot. 

To  find  the  weight  of  square  or  flat  iron,  per  yard  in  length: 
Multiply  the  area  of  the  cross  section  by  10. 

Thus,  a  bar  2  by  %  has  an  area  of  ^  of  a  square  inch,  and 
consequently  weighs  /i  X  10  =  7X  pounds  per  yard. 

To  find  the  tensile  strength  of  round  iron:  Square  the 
diameter,  expressed  in  quarters  of  an  inch,  the  result  will  be 
its  approximate  tensile  strength  in  tons. 

Thus,  a  rod  1  quarter  inch  in  diameter  will  sustain  1  ton; 
2  quarters,  4  tons;  3  quarters  9  tons;  4  quarters,  or  1  inch, 
16  tons. 

If  the  rod  is  square,  and  of  the  same  diameter  as  the  round 
bar,  it  will  carry  about  25  per  cent  more,  hence,'  a  bar  1  inch 
square  will  sustain  about  20  tons. 
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Iablk  No.  56 — Wire  GAUOEa  in  usk  in  the 
United  States. 


i 

S-3 

*l' 

'p!^ 

. 

*     - 

=  5 

■a- 

1^ 

II 

s 
.464 

SI 
1 

l5 

.46875 

Motm 

.432 

.4375 

mm 

.46 

.454 

.8938 

.400 

.40625 

0000 

]. -10964 

,425 

.362.5 

.372 

.375 

000 

,;it;48 

.38 

.3310 

.848 

.34375 

00 

.3L'-1S6 

.34 

.3065 

.324 

.3125 

0 

.L'sra 

.3 

.28;i0 

.300 

.227 

.28125         , 

1 

.i.-iTiW 

.284 

.'26-2^ 

.276 

.219 

.265625       1 

o 
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Table  No.  56  Continited- 

-Wire  Gauges  ik  use  m  the 

United  States. 

il 

M 

ll 

5 

"a 
to  1 

II 

18 

.040308 

.049 

.0475 

.048 

.168 

.05 

18 

19 

.03589 

.042 

.0410 

.040 

,164 

.01375 

19 

20 

,031961 

.035 

.0348 

.036 

.161 

.0375 

20 

21 

.028462 

.032 

.03175 

.032 

.157 

.034375 

21 

22 

.025347 

.028 

.0286 

.028 

.155 

,03125 

22 

23 

.022571 

.025 

.0258 

.024 

.153 

,028125 

23 

24 

.0201 

.022 

.0230 

.022 

.151 

,025 

24 

25 

.0179 

.02 

.0204 

.020 

.148 

,021875 

25 

26 

.01594 

.018 

.0181 

.018 

.146 

,01875 

26 

27 

.014195 

.016 

.0173 

.0]64 

.143 

,0171875 

27 

28 

.012641 

.014 

.0162 

.0149 

.139 

.015625 

28 

29 

.011257 

.013 

.0150 

.0136 

.134 

.0140625 

29 

SO 

.010025 

.012 

.0140 

.0124 

.127 

.0125 

30 

81 

.008928 

.01 

.0132 

.0116 

.120 

,0109875 

81 

82 

.00795 

.009 

.0128 

.0108 

.115 

,01015625 

32 

83 

.00708 

.008 

.0118 

.0100 

,112 

.009375 

33 

84 

.006304 

.007 

.0104 

.0092 

.110 

.00869375 

34 

85 

.005614 

.(Hi5 

.0095 

.0084 

.108 

.0078125 

35 

36 

.005 

.004 

.0090 

.0076 

.106 

.00703125 

36 

87 

.004453 

.0068 

.103 

.006640625 

87 

88 

.003965 

.0060 

,101 

.00625  ' 

38 

39 

.003531 

.0052 

.099 

39 

40 

.003144 

,0048 

.097 

40 
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f  ABLE  No.  57 — ^Weight  or  Sbskt  Iros  axi> 
Steei>  per  Sqpark  Poor. 


ThJekneMi  by 

TbT^lmcsB  bT  Amcrlran 

InaltiKbiitii  Gaum. 

iBt-jwD  atii]  S~.-rp:'  ■)  Oi 

WeJKht  Ui 
PouDda. 

Wd: 

lllckTWIIS 

No.  of 

Obiikc. 

■nilcknesa 
In  IiHzbea. 

*"""*      1 

n  iQCb™. 

Iron. 

Steel. 

lian. 

8teel 

.454 

18.16 

18.52 

0000 

.46 

18.40 

18.77 

.425 

17.00 

17.34 

000 

.4096 

16.38 

16.71 

.38 

15.20 

15.30 

00 

.3648 

14.59 

14.88 

.34 

13.60 

13.87 

0 

.8249 

13.00 

13.26 

.3 

12.00  ,1L'.24 

1 

.28M 

11.57 

11.80 

.28t 

11.36  n.r>9 

2 

.2576 

10.30 

10.51 

1 

i 

■ 
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Table  No.  57  Continubd — Weight  of  Sheet  Ikon        | 

AND  Steel  per 

Square  Foot. 

Thlcknesa  by 

^    Thlcknea  by  American 

fitmiliicbuii 

Gause. 

(Brown  and  Sbarpe's)  Gauge. 

Welsht  In 

WelBbtln 

Pounda. 

Pounda. 

• 

No.  of 

Owige. 

Thlckneaa 
In  Incbei. 

No.  of 
Oauxe. 

Thlckneu 
In  Inches. 

Iron. 

steel. 

Iron. 

Steel. 

« 

.082 

1.28 

1.81 

21 

.0285 

1.14 

1.16 

1     22 

.028 

1.12 

1.14 

22 

.0253 

1.01 

1.03 

1      28 

.025 

1.00 

1.02 

23 

.0226 

.904 

.922 

1      24 

.022 

.88 

.898 

24 

.0201 

.804 

.820 

1      ^ 

.02 

.80 

.816 

26 

.0179 

.716 

.780 

1       26 

.018 

.72 

.734 

26 

.0159 

.636 

\649 

'      27 

.016 

.64 

.663 

27 

.0142 

.568 

.579 

28 

.014 

.56 

.571 

28 

.0126 

.504 

.514 

29 

.018 

.52 

.680 

29 

.0118 

.452 

.461 

80 

.012 

.48 

.490 

30 

.0100 

.400 

.408 

81 

.01 

.40 

.408 

81 

.0089 

.356 

.363 

82 

.009 

.86 

,367 

82 

.0080 

.320 

.326 

88 

.008 

.82 

.326 

33 

.0071 

.284 

.290 

84 

.007 

.28 

.286 

84 

.0068 

.252 

.257 

85 

.006 

.20 

.204 

86 

.0056 

.224 

.228 

Ieon. 

Steel. 

Specific  gravity. 

7.7 

7.854 

Weight  per  cubic  foot.    • 

480. 

489.6 

Weight  per  cubic  inch. 

.2778 

.2838 

I  there  are  many  gauges  in  use  differing  from  each  other, 
8  for  sheets  should  always  state  the  weight  per  squart 
or  the  thicluiesB  in  thousandths  of  an  inch. 
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any  .-ti^Iar  polygon  in  a  circle 44 

(earn  of  the  strougeet  ehape  from  a  circular  eec- 

45 

the  surface  of  a  cone  or  a  frustum  of  a  cone...  46 
|('i  a  square  upon  a  straight  line  of  given  length  4S 
Let  a  square  equal  In  area  to  a  given  triangle..  48 
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done  in  every  conceivable  diffi' 
cuhy  that  may  arise,  covering 
such  subjects  as  scale  in  the  boiler,  economical  firing,  spoiM. 
pressure,  low  water  and  danger  of  explosions,  lining  IB^ 
gearing  the  engiue,  setting  the  valves,  oiling,  working  injector 
and  pump,  Licitig  and  pm  ting  on  belts,  etc.  There  are  two 
chapters  on  Farm  Hnpine  Economy,  giving  the  theory  of  the 
steam  engine,  especially  in  its  practical  applications  to  secnc 
ing  economy  o(  operal  inn.  Chapter  XII,  describes  "DiffcrcD' 
Typeset  Engines,"  including  sla'.ionary,  compound,  Cctliss 
and  high  speed  enRines,  and  all  Ihe  leading  makes  of  traction 
engines  -with  aa  illustration  of  each.  Also  chapter  on  jtfasjlit* 
engines  and  how  to  run  them,  ar.d  another  on  how  In  run  s 
threshing  machine.  The  btiok  closes  with  a  variety  of  u*rful 
recipes  and  practical  stiggeslions  and  tables,  and  li5  questions 
and  answers  often  given  in  examioations  for  engineer's  licenK 
Beautifully  ilJtistratcd  with,  plans,  etc. 
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WOKK  FOR  ELECTRICAI,  WOUKICKN  HVKU  l'rnLl.HllKI> 
REVISED  AND  ENI.ARGF.R  F.DtriON 

MODERN    WIRING 
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MODERN  ELECTRICAL 
><v«v«  CONSTRUCTIOlS 


By  HOR3TMANN  Mad  TOUSLEY 


SHIS    book   treats   almost   entirely    of    practical    electrical 
work.     It  uses  the  "Rules  and   Requirements  of  the  Na- 
tional Board  of  Fire   Underwriters"  as  a  text,  and  ex< 
plains  by  numerous  cuts  and  detailed  explanations  jnst  honr 

(he  best  class  of  electrical 
work  is  installed. 

It  is  a  perfect  guide  for 
the  bei^inciiig  electrician 
and  gives  him  all  the 
thidry  needed  in  practical 
work  in  addition  to  foil 
practical  instructions  For 
the  journeyman  electridan 
it  is  no  less  valnable.  be- 
cause it  elaborates  aa4 
explains  safety  rules  in 
vogus  Chroughont  th« 
United  States.  It  is  alao 
of  especial  value  to  elec- 
trical iaspeciors.  as  it 
points  out  many  of  tiia 
tricks  practiced  by  on- 
scrupulous  persons  io  tbs 
irade. 

The  book  also  contains  a 
number  of  tables  giving  di- 
mensions and  trade  nam- 
bers  of  screws,  nails,  in- 
sulators and  other  material 
in  general  use,  which  will  be  found  of  great  value  in  praclioe. 
There  is  also  given  a  method  by  which  the  diameter  of  ooa- 
dnit  necesiiary  for  any  number  of  wires  of  any  size  cao  be  al 
once  determined.  The  motto  o!  the  authors,  "To  omit  notb- 
tng  that  h  needed  anA  include  nothing  that  is  not  netdtd,' 
that  has  made  "Wiring  diaRrams  aud  Descriptions"  so  snc- 
cesriul,  has  been  followed  in  this  work.  No  book  of  graatet 
value  to  the  man  who  does  the  work  has  ever  be«a  published 
16mo,  250  pages,  100  diagrams.  Full  leather,  limp. 
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